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Peptide Units: trans-N-Methylacetamide
N
-10.1 kcal/mol

Phe: Toluene
-0.8 kcal/mol

Tyr: p-Cresol
-6.1 kcal/mol

Met: Ethyl Methyl Thioether
-1.4 kcal/mol
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Globule Simulation Results
Globule Fit: ln(R )=1.17, ν=0.31
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EV Simulation Results
EV Fit (N≥50): ln(R0 )=0.89, ν=0.62

<Rg > in Å (log-scale)
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ABSINTH Simulation Results
ABSINTH Fit: ln(R )=0.85 ± 0.21, ν=0.39 ± 0.06
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Q20: Globule
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2F1VA: DSSP= 0.69, fβ = 0.68

1H4GB: DSSP= 0.60, fβ = 0.59

1BPV: DSSP= 0.40, fβ = 0.39

1XU1: DSSP= 0.20, fβ = 0.20
2BI6h: DSSP= 0, fβ = 0.40
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'(#$/15F$%&$-9#//,";$6.#$'%$*#-'*1,"'-$,"$'(#$5%//1)-#$*#;,+#$,-$%7-#*<#6$%"/:$&%*$
YVXH$7.'$"%'$&%*$Y4X$1"6$YUa?$
0

fβ0 = 0.25

fβ = 0.00
15

15

No Restraints

15

Q15
Q45

10

300

350

400

0

450

fβ0 = 0.50

15

5

300

350

400

<Rg >/(N)

350
T(K)

400

450

400

450

400

450

10

2

2

2

5

350

fβ0 = 1.00

15

10

300

300

0

fβ = 0.75

15

10

0

5

0

450

<Rg >/(N)

0

2

2

5

<Rg >/(N)

10

<Rg >/(N)

10

<Rg >/(N)

<Rg2>/(N)

Q30

5

0

300

350
T(K)

400

450

5

0

300

350
T(K)

$
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A

Q5

B

0
fβ = 0.75
0
fβ = 1.0

0.05

0.05

Unrestrained

0

B22 (T)

B22 (T)

0

-0.05

-0.05
-0.1

-0.15

-0.2

-0.2
300

320

C

340
T(K)

360

380

-0.25
280

400

0.05

0.05

0

0

-0.05

320

340
T(K)

360

380

400

360

380

400

Q45

-0.05

-0.1
-0.15

-0.1

-0.15

-0.2
-0.25
280

300

D

Q30

B22 (T)

B22 (T)

-0.1

-0.15
-0.25
280

Q15

-0.2
300

320

340
T(K)

360

380

400

-0.25
280

300

320

340
T(K)
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#
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N#*#H$ "$ ,-$ 5(1,"$ /#";'(H$ &56578$ ,-$ '(#$ '%'1/$ -:-'#+$ #"#*;:H$ &!!$ ,-$ '(#$ *#-'*1,"'$
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A -21
-22

B 20

fβ0 = 0.75
fβ0 = 1.0
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280

300

320

340

360

T (K)

380

400

420

$

2EJC89(M*7>P(&?98JI(B9?KE@I(""(Be1"#/$PE(:?B(KC8H:D9(9?98JI(@98;( "#(Be1"#/$jE(HA8(
;A?A;98ED(NA=IJ=C@:;E?9?$W1'1$9#*#$%7'1,"#6$&%*$."*#-'*1,"#6$)%/:;/.'1+,"#$1"6$'9%$
%'(#*$-,+./1',%"-$9,'($*#-'*1,"'-$%"$!!?$S(#$8.1/,':$%&$'(#$&,'-$."6#*/:,";$'(#-#$61'1$51""%'$
7#$ 155.*1'#/:$ 1--#--#6$ -,"5#$ '(#:$ 1*#$ &,'-$ '%$ 61'1$ &*%+$ %"/:$ '(*##$ 5(1,"$ /#";'(-$ B9#$

!

"B$

(1<#$'%$#T5/.6#$YX$#T5/.6#6$&*%+$1"1/:-,-$-,"5#$,'$,-$'%%$-(%*'$&%*$1$<%/.+#'*,5$'#*+$'%$
5%"'*,7.'#E?$2"-'#16$'(#$*%7.-'"#--$%&$'(#$1"1/:-,-$,-$'#-'#6$'(*%.;($,'-$17,/,':$'%$51)'.*#$
9#//>6#&,"#6$/,+,'-$B-##$'#T'E?$

J(#"$5%+)1*#6$'%$'(#$."*#-'*1,"#6$-,+./1',%"-H$,'$7#5%+#-$5/#1*$'(1'$,"$
'(#$ 5%//1)-#$ *#;,+#$ '(#$ #"#*;:$ 6#"-,',#-$ 9*$ 1*#$ ;#"#*1//:$ /#--$ &1<%*17/#$ ,"$ '(#$
)*#-#"5#$ %&$ *#-'*1,"'-$ ,"6,51',";$ '(#$ (,;($ &*##$ #"#*;:$ %&$ -'*.5'.*#-$ 9,'($ (,;($
<1/.#-$%&$!!$B-##$b,;.*#$X?\E?$P66,',%"1//:H$&%*$1$;,<#"$'#+)#*1'.*#$'(#$<1/.#-$&%*$
94$ 1*#$ ;#"#*1//:$ +%*#$ )%-,',<#$ ,"6,51',";$ 1$ /#--$ &1<%*17/#H$ %)*)H$ -,+)/:$ 1$ /1*;#*$
,"'#*&15#$9,'($'(#$-.**%."6,";$-%/<#"'?$$
b%*$ (,;(#*$ '#+)#*1'.*#-$ '9%$ %7-#*<1',%"-$ 1*#$ "%'#9%*'(:?$ b,*-'H$ 1-$
3!3G %U^amH$ '(#$ <1/.#$ %&$ 94$ *#/,17/:$ 1))*%15(#-$ A#*%H$ ,"6#)#"6#"'$ %&$ 9(#'(#*$
*#-'*1,"'-$1*#$1))/,#6$%*$"%'?$P$<1/.#$%&$A#*%$&%*$'(#$-.*&15#$#"#*;:$,"6,51'#-$'(1'$
'(#$ ,"'#*&15#$ (1-$ 7#5%+#$ ,"6,&&#*#"'$ 9,'($ *#-)#5'$ '%$ ,"'#*15',%"-$ 9,'($ #,'(#*$
-%/<#"'$ %*$ '(#$ 5(1,"?$ S(,-$ ,-$ "%'(,";$ 7.'$ '(#$ b/%*:>6#&,",',%"$ %&$ '(#$ G>-'1'#$ 1"6$
(#"5#$ 1$ -1',-&:,";$ ,&$ #T)#5'#6$ *#-./'?$ @#5%"6H$ &%*$ '#+)#*1'.*#-$ 7#:%"6$ 3G H$ 9*$
1))#1*-$ '%$ 5%"<#*;#$ '%91*6$ 1$ <1/.#$ %&$ *%.;(/:$ >MaF51/k+%/?$ S(,-$ ,-$ '(#$
1))*%T,+1'#$ +#1">&,#/6$ #"#*;:$ &%*$ 1$ &.//:$ -%/<1'#6$ ;/.'1+,"#$ *#-,6.#$ 9,'(,"$ '(#$
Pj@2KSN$ N1+,/'%",1"$ B-##$ S17/#$ U?1EH$ 9(,5($ 5%"-','.'#-$ '(#$ #T)#5'#6$ /,+,',";$
<1/.#$&%*$1$5(1,"$)*#&#**,";$5(1,">-%/<#"'$,"'#*15',%"-$'%$5(1,">5(1,"$,"'#*15',%"-?$
S(#-#$ '9%$ *#-./'-$ ,"6,51'#$ '(#$ *%7.-'"#--$ %&$ '(#$ 1"1/:-,-?$ J#$ 5%"5/.6#$ '(1'$ ,"$
'(#$)*#-#"5#$%&$*#-'*1,"'-$'%91*6$(,;($<1/.#-$%&$!!$'(#$5(1,"-$6%$,"6##6$-9#//$1"6$
&%*+$1$/#--$&1<%*17/#$,"'#*&15#$9,'($'(#$-.**%."6,";$-%/<#"'?$N%9#<#*H$'(#-#$'9%$
&#1'.*#-$6%$"%'$'*1"-/1'#$,"'%$6,&&#*#"5#-$,"$244$<,->r><,-$'(#$."*#-'*1,"#6$5(1,"-?$

!

"B%

2"-'#16H$ '(#:$ +1:$ 5%"'*,7.'#$ '%$ 5%"&%*+1',%"1/$ *#1**1";#+#"'-H$ #<,6#"5#$ &%*$
9(,5($,-$)*#-#"'#6$"#T'?$
S%$-(%9$'(1'$'(#$6,+#*$,"'#*&15#$1'$(,;($<1/.#-$%&$!!$)*%+%'#-$!>5%"'#"'H$
b,;.*#$X?4U$-(%9-$71*$)/%'-$%&$'(#$+#1"$W@@e$G>-5%*#-$%7-#*<#6$,"$'(#$6,+#*$
-,+./1',%"-$1/%";$9,'($'(%-#$#"5%."'#*#6$,"$'(#$+%"%+#*$-,+./1',%"-O$
0.7

0
Monomer: fβ = 1.0
0

0.6

Dimer: fβ = 1.0
Unrestrained Monomer

0.5

Unrestrained Dimer

0.4
0.3
0.2
0.1
0

Q15

Q30

Q45

$

2EJC89( M*7LP( S:8( N=A@K( DA;N:8E?J( @F9( :G98:J9( H8:D@EA?:=( -11$3&( KDA89K( <9@O99?(
;A?A;98(:?B(BE;98(KE;C=:@EA?K?$W1'1$1*#$-(%9"$&%*$M^]m$1"6$&%*$'(*##$5(1,"$/#";'(-$
.-,";$61'1$&*%+$-,+./1',%"-$9,'($."*#-'*1,"#6$5(1,"-$1-$9#//$1-$61'1$&*%+$-,+./1',%"-$&%*$
!!( f4?a?$

S(#$ -#5%"6$ +%/#5./#$ ,"$ '(#$ -,+./1',%"$ -:-'#+$ -,;",&,51"'/:$ ,"5*#1-#-$ '(#$
)*#<1/#"5#$%&$51"%",51//:$(:6*%;#">7%"6#6H$!>*,5($-'*.5'.*#-$9(#"$5%+)1*#6$'%$
'(#$ +%"%+#*$ 51-#?$ S(,-$ 6,&&#*#"5#$ -##"$ .)%"$ ,"'*%6.5,";$ 1$ -#5%"6$ +%/#5./#$
,"'%$ '(#$ -,+./1',%"$ -:-'#+$ ,-$ -'*%";/:$ -.;;#-',<#$ %&$ '(#$ ,"'#*+%/#5./1*$ ,"'#*&15#$
7#,";$ *#-)%"-,7/#$ &%*$ )*%+%',";$ !>-(##'$ 5%"'#"'?$ 0%"-,-'#"'$ 9,'($ b,;.*#$ X?]H$

!

"B&

<1/.#-$ &%*$ '(#$ -(%*'#*$ 5(1,"-$ 1*#$ ;#"#*1//:$ (,;(#*?$ b,;.*#$ X?4V$ ,-$ 1"1/%;%.-$ '%$
b,;.*#$X?]$1"6$.-#-$61'1$&*%+$6,+#*$-,+./1',%"-O$

W@@e$G>@5%*#

Y4X
YUa
YVX

#!!

$

2EJC89(M*7RP(1D:@@98(N=A@(AH(-11$(&3KDA89K(:?B(!!(HA8(BE;98K(AH(NA=IJ=C@:;E?9?$S(,-$
)/%'$,-$1"1/%;%.-$'%$b,;.*#$X?]?$K%'#$'(1'$9#$%"/:$)#*&%*+#6$6,+#*$-,+./1',%"-$&%*$'(*##$
6,&&#*#"'$ 5%"6,',%"-O$ '9%$ *#-'*1,"#6$ -#'-$ &%*$ -)#5,&,5$ <1/.#-$ %&$ !!($ 1"6$ '(#$ ."*#-'*1,"#6$
51-#?$S(#*#&%*#H$'(#$-51''#*$)/%'$(#*#$,-$+.5($/#--$(%+%;#"#%.-/:$)%)./1'#6$5%+)1*#6$
'%$'(#$%"#$,"$b,;.*#$X?]?$W1'1$1*#$%7'1,"#6$1'$M^]m?(

0%+)1*,-%"-$%&$#T1+)/#$-'*.5'.*#-$-(%9"$,"$b,;.*#-$X?]$1"6$X?4V$1/%";$
9,'($'(#$61'1$,"$b,;.*#$X?4U$,//.-'*1'#$'(1'$6,+#*,A1',%"$,"$1$)%%*$-%/<#"'$)*%+%'#-$
'(#$ &%*+1',%"$ %&$ 51"%",51/$ !>-#5%"61*:$ -'*.5'.*#$ )*%<,6,";$ '(#$ +%"%+#*$ ,-$
)*#6,-)%-#6$ '%$ (,;($ !>5%"'#"'?$ K%">-)#5,&,5$ 5%//1)-#H$ (%9#<#*H$ ,+)%-#-$ 1$
*#8.,*#+#"'$ &%*$ 7#"6-$ 1"6$ '.*"-$ %"$ '(#$ )%/:)#)',6#$ 715F7%"#$ 1"6$ '(#*#7:$

!

"$(

)*#5/.6#-$ #&&,5,#"'$ 1"6$ #T'#"-,<#$ &%*+1',%"$ %&$ !>(:6*%;#"$ 7%"6-?$ j%'($ !!$ 1"6$
W@@e$G>-5%*#-$1*#$/%9$,"$'(#$17-#"5#$%&$-'*.5'.*1/$*#-'*1,"'-?$
S%$ &.*'(#*$ ,//.-'*1'#$ '(#$ 17,/,':$ %&$ %"5*-+%/#5./1*$ 5%"'15'-$ '%$ )*%+%'#$ !>
5%"'#"'H$ b,;.*#$ X?4X$ -(%9-$ 1$ 71*$ )/%'$ -,+,/1*$ '%$ b,;.*#$ X?^$ &%*$ %"5*-+%/#5./1*$
(:6*%;#"$7%"6-O$
Average #H-Bonds: SC-O to SC-NH

Average #H-Bonds: BB-O to BB-NH

Average Count

0.6 A

B

fβ0 = 1.0

0.5

fβ = 0.75

0.4

Unrestrained

0

0.3
0.2
0.1
0

Average Count

0.6 C

Average #H-Bonds: BB-O to SC-NH

D

Average #H-Bonds: SC-O to BB-NH

0.5
0.4
0.3
0.2
0.1
0

Q15

Q30

Q45

Q15

Q30

Q45

$

2EJC89( M*7MP( #G98:J9( ?C;<98( AH( !"#$%;A=9DC=:8( FIB8AJ9?( <A?BK( N98( :DD9N@A8(
AZIJ9?(:@A;K?$S(,-$)/%'$,-$-,+,/1*$'%$b,;.*#$X?^$#T5#)'$'(1'$'(#$(:6*%;#"$7%"6$-'1',-',5-$
1*#$-(%9"$&%*$-,+./1',%"-$9,'($'9%$+%/#5./#-?$!"/:$,"'#*+%/#5./1*$(:6*%;#"$7%"6-$1*#$
-(%9"?$ YX$ ,-$ #T5/.6#6$ &*%+$ '(,-$ )/%'$ -,"5#$ "%$ ,"'#*+%/#5./1*$ (:6*%;#"$ 7%"6-$ 1*#$
6#'#5'#6$,"$'(#-#$-,+./1',%"-?$W1'1$1*#$%7'1,"#6$1'$M^]m?$

b,*-'H$ ,'$ ,-$ 5/#1*$ '(1'$ ,"'#*+%/#5./1*$ (:6*%;#"$ 7%"6-$ 1*#$ &%*+#6$
)*#6%+,"1"'/:$ 7:$ '(#$ ;/.'1+,"#$ -,6#5(1,"-$ ,"6#)#"6#"'$ %&$ *#-'*1,"'-?$ S(,-$ ,-$

!

"$)

,"'.,',<#$ 1-$ '(#$ -,6#5(1,"-$ 1*#$ ;#"#*1//:$ 5/%-#*$ '%$ '(#$ -.*&15#$ %&$ '(#$ ;/%7./#?$
@#5%"6H$ '(#*#$ ,-$ -,;",&,51"'$ #"(1"5#+#"'$ ,"$ ,"'#*+%/#5./1*$ 715F7%"#>715F7%"#$
(:6*%;#"$ 7%"6-$ &%*$ Y4X$ 1"6$ YUa$ 9(#"! !!F A)-(?$ S(,-$ *#-./'$ ,-$ #"',*#/:$ 5%";*.#"'$
9,'($ '(#$ ,"5*#1-#6$ W@@e$ G>@5%*#-$ B-##$ b,;.*#$ X?4UE?$ K%"#'(#/#--H$ -%+#$
1+%."'$%&$6,-%*6#*$,-$+1,"'1,"#6$#<#"$."6#*$'(#-#$5%"6,',%"-$1-$,"6,51'#6$7:$'(#$
"%">"#;/,;,7/#$5%"'*,7.',%"-$&*%+$1//$)%--,7/#$,"'#*+%/#5./1*$(:6*%;#"$7%"6-?$$
P-$ 1$ &,"1/$ )%,"'H$ 9#$ 9,-($ '%$ #+)(1-,A#$ '(1'$ '(#$ ,"5*#1-#6$ )*#<1/#"5#$ %&$
51"%",51/$ !>-(##'-$ 6%#-$ "%'$ 5%,"5,6#$ 9,'($ 1$ -,;",&,51"'$ *#6.5',%"$ ,"$ '(#$ &*##$
#"#*;:$ )#"1/':$ '%$ 155#--$ -'1'#-$ 9,'($ /1*;#$ !!?$ P'$ M^]mH$ '(#$ )#*>+%/#5./#$ e=b$
%7'1,"#6$ <,1$ JNP=$ &%*$ '9%$ YUa$ +%/#5./#-$ ,"$ '(#$ -,+./1',%"$ -:-'#+$ B61'1$ "%'$
-(%9"E$ ,-$ <,*'.1//:$ ,6#"',51/$ '%$ '(#$ %"#$ %7'1,"#6$ &%*$ '(#$ +%"%+#*$ 51-#$ B-##$
b,;.*#$X?\E?$J#$'(#*#&%*#$5%"I#5'.*#$'(1'$,'$+,;('$'1F#$+.5($/1*;#*$%/,;%+#*-$'%$
)*%<,6#$ 1"$ #"<,*%"+#"'$ ,"$ 9(,5($ !>*,5($ 5%"&%*+1',%"-$ 1*#$ -)%"'1"#%.-/:$
155#--#6?$S(,-$9%./6$)*#-.+17/:$(1))#"$%"$'(#$%"$%7*$%&$-.5($/1*;#*$%/,;%+#*-?$

)*M*( 1C;;:8I( :?B( -EKDCKKEA?( AH( :( $C@:@EG9( 'A=9( AH( !319DA?B:8I(
1@8CD@C89(E?($A=IJ=C@:;E?9(#JJ89J:@EA?(
J#$ (1<#$ -(%9"$ '(1'$ )%/:;/.'1+,"#$ )#)',6#-$ ,"$ 1$ /#";'($ *1";#$
#"5%+)1--,";$'(#$'(*#-(%/6$/#";'($&%*$N."',";'%"`-$6,-#1-#$6%$"%'$#1-,/:$16%)'$
5%"&%*+1',%"-$*,5($,"$!>5%"'#"'H$%)*)H$5%"&%*+1',%"-$'(1'$(1<#$7##"$)*%)%-#6$1-$
).'1',<#$ 1;;*#;1',%"$ ".5/#,?$ !.*$ #-',+1'#$ &%*$ '(#$ &*##$ #"#*;:$ 71**,#*$ &%*$
".5/#1',%"$ ,-$ *%.;(/:$ 5%"-,-'#"'$ 9,'($ '(#$ /,'#*1'.*#$ #-',+1'#H4^$ 7.'$ -(%9-$ 1"$
%))%-,'#$'*#"6$9,'($5(1,"$/#";'(?$J#$%7-#*<#$'(1'$/%";#*$5(1,"-$1*#$/#--$/,F#/:$'%$

!

"$"

16%)'$ 5%"&%*+1',%"-$ *,5($ ,"$ 51"%",51/$ !>-#5%"61*:$ -'*.5'.*#$ 1"6$ '(#*#&%*#$
6,-).'#$ '(#$ <1/,6,':$ %&$ #T)/1,",";$ '(#$ 1;#>%&>%"-#'$ 6#)#"6#"5#$ %"$ 5(1,"$ /#";'($
9,'($'(1'$&*##$#"#*;:$71**,#*?$J#$&,"6$'(1'$-'*.5'.*#-$9(,5($1*#$&%*5#6$,"'%$-'1'#-$
5(1*15'#*,A#6$7:$ )1*',1/$ -9#//,";H$ /1*;#*$ -%/.'#>-%/<#"'$ ,"'#*&15#-H$ 1"6$ ,"5*#1-#6$
!>5%"'#"'$ 6%$ "%'$ -)#5,&,51//:$ )*%+%'#$ 1;;*#;1',%"?$ J(,/#$ -'*.5'.*1/$ 6,&&#*#"5#-$
1*#$ %7<,%.-H$ '(#$ )#)',6#-$ -##+$ '%$ 1--%5,1'#$ '%$ -,+,/1*$ #T'#"'-$ ,"6#)#"6#"'$ %&$
'(%-#$6,&&#*#"5#-?$S(,-$%7-#*<1',%"$)%,"'-$'%$'(#$)%%*"#--$%&$'(#$-%/<#"'$1-$'(#$
,"<1*,1"'$ 6*,<,";$ &%*5#$ &%*$ )*%+%',";$ 1;;*#;1',%"$ %&$ '(#-#$ (%+%)%/:+#*-$ p$ 1$
*#-./'$ #"',*#/:$ 5%"-,-'#"'$ 9,'($ 0(1)'#*$ 23?$ G<#"$ '(%.;($ (,;($ !>5%"'#"'$ *#+1,"-$
'(#*+%6:"1+,51//:$1-$."&1<%*17/#$1'$'(#$6,+#*$/#<#/$1-$1'$'(#$+%"%+#*$/#<#/H$9#$
6%$ &,"6$ '(1'$ ,"'#*+%/#5./1*$ ,"'#*&15#-$ 1))#1*$ '%$ )*%+%'#$ '(#$ &%*+1',%"$ %&$
51"%",51/H$715F7%"#>6*,<#"$!>-#5%"61*:$-'*.5'.*#$1-$,'$,-$&%."6$,"$1+:/%,6$&,7*,/-?(
b*%+$ %.*$ 61'1H$ 9#$ ,"&#*$ '(1'$ '(#$ *%/#$ %&$ !>-#5%"61*:$ -'*.5'.*#$ &%*$ '(#$
1;;*#;1',%"$%&$(%+%)%/:+#*,5$)%/:;/.'1+,"#$,-$"%'$-%$+.5($'(1'$%&$'(#$-'*.5'.*1/$
(1//+1*F$ %&$ 1"$ 1;;*#;1',%">5%+)#'#"'$ -)#5,#-$ 7.'$ *1'(#*$ '(1'$ %&$ '(#$ &1<%*#6$
5%"&%*+1',%"$ ,"$ )#)',6#>*,5($ )(1-#-$ -.5($ 1-$ /1*;#$ %/,;%+#*-$ 1"6$ &,7*,//1*$
1;;*#;1'#-?$ b,;.*#$ X?4Q$ B5%+)1*#$ b,;.*#$ V?4ME$ %.'/,"#-$ (%9$ '(#$ &%*+1',%"$ %&$
,"-%/.7/#H$ &,7*,//1*$ 1;;*#;1'#-$ 5%./6$ )*%5##6$ '(*%.;($ 1$ -'1;#$ 5(1*15'#*,A#6$ 7:$
,"'#*+#6,1'#H$-%/.7/#$ 1;;*#;1'#-$ 5%+)%-#6$ %&$ 5%//1)-#6H$ 6,-%*6#*#6$ +%"%+#*-$
1"6$6,-%*6#*#6$,"'#*&15#-$7#'9##"$'(#+O$

!

"$#

a)
a
Monomers

b)

g)

e)

f)

Dimers

c)

h)

Large Aggregates

d)

)

( ) ( ) (
i)

j)

n>>1
Soluble Aggregates

n>>1

Amyloid Fibrils

n >n
F

$

2EJC89( M*7UP( 1DF9;:@ED( AH( NAKKE<=9( :JJ89J:@EA?( N:@FO:IK( HA8( NA=IJ=C@:;E?9( !"&
'!#%(?$D$6#"%'#-$'(#$".+7#*$%&$)%/:;/.'1+,"#$ +%/#5./#-$9,'(,"$1$6,-%*6#*#6$1;;*#;1'#$
1"6$DE$6#"%'#-$'(#$".+7#*$%&$)%/:;/.'1+,"#$+%/#5./#-$9,'(,"$1"$%*6#*#6$1+:/%,6$&,7*,/?$
S(#$ %*6#*#6$ 1+:/%,6$ &,7*,/$ *,5($ ,"$ !>-(##'-$ ,-$ -(%9"$ ,"$ '(#$ 7%''%+$ *,;('$ 5%*"#*$ %&$ '(#$
-5(#+1',5?$S(#$;*1:$-(16#6$*#;,%"$#"5%+)1--#-$-'#)-$B1EH$B#EH$B5EH$1"6$B6E$1"6$6#),5'-$
'(#$(%+%;#"#%.-$".5/#1',%"$)*%)%-1/$%&$0(#"$#'$1/?4]!

2"$'(#$-5(#+1',5$-(%9"$,"$b,;.*#$X?4Q$9#$8.1"',&,#6$'(#$'(#*+%6:"1+,5-$
%&$ -'#)$ B1EH$ 9(,5($ ,"6,51'#-$ '(1'$ '(#$ &%*+1',%"$ %&$ %*6#*#6$ 5%"&%*+1',%"-$ ,-$
'(#*+%6:"1+,51//:$ ."&1<%*17/#?$ S(,-$ ,-$ 1"$ #T'#"-,%"$ %&$ '(#$ 9%*F$ ,"$ 0(1)'#*$ 23$
9(,5($ *#+1,"#6$ 1;"%-',5$ 17%.'$ '(#$ 71**,#*$ (#,;('-$ 1"6$ '(#,*$ 5(1,"$ /#";'($
6#)#"6#"5#$ ,+)/,#6$ ,"$ -'#)$ B1E?$ @'#)$ B7E$ )#*'1,"-$ '%$ '(#$ '(#*+%6:"1+,5-$ %&$
,"'#*15',%"-$ 7#'9##"$ 5(1,"-$ '(1'$ (1<#$ 7##"$ *#-'*1,"#6$ '%$ 16%)'$ %*6#*#6$
5%"&%*+1',%"-?$ P--%5,1',<,',#-$ %&$ *#-'*1,"#6$ 5(1,"-$ p$ -'#)$ B7E$ p$ 1*#$ 1F,"$ '%$ '(#$
1--%5,1',<,',#-$ %&$ ."*#-'*1,"#6$ 5(1,"-$ p$ -'#)$ B;E$ p$ 1-$ -(%9"$ ,"$ b,;.*#$ X?44?$

!

"$'

N%9#<#*H$'(#$/,F#/,(%%6$'(1'$5(1,"-$9,//$-1+)/#$'(#$1--%5,1',%"-$-(%9"$,"$-'#)$B7E$
,-$<#*:$-+1//$7#51.-#$'(,-$,-$',#6$'%$'(#$#8.,/,7*,1$,"$-'#)-$B1E$1"6$B&E$1"6$*#8.,*#-$
'(#$ )%)./1',%"$ %&$ '(#$ 5%"&%*+1',%"-$ 9,'($ (,;(! !>5%"'#"'$ Bb,;.*#$ X?\E?$ S(#$
1;;*#;1'#-$15(,#<#6$,"$-'#)$B(E$1*#$/,F#/:$'%$7#$/1*;#$B,"$'#*+-$%&$DE$1"6$#T(,7,'$
-)(#*,51/H$C/,8.,6>/,F#DH$C+%/'#"DH$%*$+,5#//1*$%*;1",A1',%"$%&$)%/:;/.'1+,"#$5(1,"-$
1*%."6$#15($%'(#*?$@.5($1$)(#"%+#"%/%;:$91-$%7-#*<#6$&%*$%'(#*$1;;*#;1',%">
)*%"#$ )%/:)#)',6#-?VV>V]$ $ @'#)$ B,E$ 6#),5'-$ 1$ -/%9$ 5%"&%*+1',%"1/$ 5%"<#*-,%"$ %&$
,"6,<,6.1/$k$-+1//$".+7#*-$%&$5(1,"-$'%$!>-(##'-?$@.5($1$5%"<#*-,%"$,-$-.))%*'#6$
7:$ '(#$ ,6#1$ '(1'$ '(#$ )#)',6#$ 1;;*#;1'#$ *#)*#-#"'-$ 1$ G>-%/<#"'$ &%*$ 1"$ ,"6,<,6.1/$
+%/#5./#H$ ,"$ 9(,5($ '(#$ -9#//,";$ "#5#--1*:$ &%*$ /1*;#$ ,"'#*+%/#5./1*$ ,"'#*&15#-$ ,"$
#T'#"6#6$!>-(##'-$,-$;*#1'/:$&15,/,'1'#6?MV$S(,-$-/%9$5%"<#*-,%"$,-$/,F#/:$'%$/#16$'%$
'(#$5*#1',%"$%&$1"$%*6#*#6$'#+)/1'#$&%*$&,7*,/$&%*+1',%"$<,1$+%"%+#*$%*$%/,;%+#*$
166,',%"$1"6$#/%";1',%"$'%$:,#/6$'(#$%*6#*#6H$)*#5,),'1'#6$1+:/%,6$&,7*,/?$@'#)-$B1EH$
B7EH$ 1"6$ B;E$ 1*#$ 1"5(%*#6$ ,"$ '(#$ 5%//#5',%"$ %&$ 61'1$ ;#"#*1'#6$ ,"$ '(,-$ 9%*F$ 1"6$
)*#<,%.-$ 9%*F$ B0(1)'#*-$ 22$ 1"6$ 23E?$ N%9#<#*H$ '(#$ *#<#*-,7/#$ 1--%5,1',%"-$
6#),5'#6$ ,"$ -'#)$ B(E$ 1"6$ '(#$ 5%"&%*+1',%"1/$ 5%"<#*-,%"-$ 6#),5'#6$ ,"$ -'#)$ B,E$ 1*#$
:#'$'%$7#$'#-'#6?$
2'$ (1-$ 7##"$ 1*;.#6H$ 7.'$ ,-$ %&$ 5%.*-#$ 6,&&,5./'$ '%$ )*%<#$ *,;%*%.-/:H$ '(1'$
)%/:;/.'1+,"#$ 1;;*#;1',%"$ ,-$ +.5($ +%*#$ 5%+)/#T$ '(1"$ 1$ -,+)/#$ (%+%;#"#%.-$
".5/#1',%"$ +%6#/$ 9%./6$ -.;;#-'?MMHMXHM\$ S(,-$ ,-$ )1*',5./1*/:$ '*.#$ ,&$ "%">"#;/,;,7/#$
-#8.#"5#$5%"'#T'$,-$,"'*%6.5#6?$=.5($9%*F$(1-$7##"$51**,#6$%.'$,"$'(#$5%"'#T'$%&$
5%+)/#'#/:$ ."*#/1'#6$ )*%'#,"-$ -.5($ 1-$ +:%;/%7,"HV^$ R@SHXa$ 0_PjeHM\$ %*$
'(,%*#6%T,"?4\$0%//#5',<#/:H$'(#-#$-'.6,#-$-.;;#-'$1$;#"#*1/,':$'%$'(#$7#(1<,%*$1"6$

!

"$<

5%"-#8.#"5#-$ %&$ #T)1"6#6$ )%/:;/.'1+,"#$ *#;,%"-?$ N%9#<#*H$ '(#:$ 1/-%$ -.;;#-'$
'(1'$ '(#$ 6#'1,/-$ %&$ '(#$ 1;;*#;1',%"$ +#5(1",-+$ +,;('$ 6#)#"6$ <#*:$ -'*%";/:$ %"$
-#8.#"5#$5%"'#T'?$@%$&1*H$'(#$9%*F$,"$'(,-$'(#-,-$(1-$-%.;('$'%$,-%/1'#$'(#$%"5-%"$%'$
)*#&#*#"5#-$ %&$ )%/:;/.'1+,"#?$ S(#$ *#-./'-$ (1<#$ /#6$ .-$ '%$ '(#$ +#5(1",-',5$ <,#9$
-F#'5(#6$,"$b,;.*#$X?4Q?$S(#$"#T'$-'#)$,-$5%"5#*"#6$9,'($(%9$1"6$7:$(%9$+.5($
'(%-#$ ,"'*,"-,5$ )*#&#*#"5#-$ 1*#$ +%6./1'#6$ 7:$ '(#$ )*#-#"5#$ %&$ 7%'($ K>$ 1"6$ 0>
'#*+,"1/$ &/1"F,";$ -#8.#"5#-$ 1-$ '(#:$ +,;('$ %55.*$ ,"$ )*%'#%/:',5$ &*1;+#"'-$ &%."6$
"1',<#/:$%"#+%+(?$e1*'$%&$'(,-$9%*F$,-$)*#-#"'#6$,"$0(1)'#*$32?$

)*U*(SE<=EAJ8:NFI(
4?$

3,'1/,-H$P?d$J1";H$[?d$e1)).H$_?$3?$l$=%/$j,%/$Maa]H$U]VB4EH$M\^>M^\?$

M?$

3,'1/,-H$P?d$L:/#H$K?d$e1)).H$_?$3?$j,%)(:-$l$Maa^H$%"#=-*$$?$

U?$

@5(#*A,";#*H$ G?d$ L.*AH$ _?d$ S.*+1,"#H$ =?d$ =1";,1*,",H$ L?d$ N%//#"715(H$ j?d$

N1-#"71"FH$_?d$j1'#-H$R?$e?d$W1<,#-H$@?$J?d$L#(*15(H$N?d$J1"F#*H$G?$G?$0#//$4^^\H$^aBUEH$
XV^>XX]?$
V?$

0(#"H$ @?$ =?d$ j#*'(#/,#*H$ 3?d$ N1+,/'%"H$ l?$ j?d$ !sK.1//1,"H$ j?d$ J#'A#/H$ _?$

j,%5(#+,-'*:$MaaMH$V4BMUEH$\U^4>\U^^?$
X?$

e#*.'AH$=?$b?d$b,"5(H$l?$S?d$j#**,+1"H$l?d$L#-FH$P?$e*%5$K1'/$P516$@5,$t$@$P$MaaMH$

^^B]EH$XX^4>XX^X?$
Q?$

@,F%*-F,H$e?d$P'F,"-H$G?$j,%+15*%+%/#5./#-$MaaXH$QB4EH$VMX>VUM?$

\?$

K#/-%"H$_?d$@191:1H$=?$_?d$j1/7,*",#H$=?d$=16-#"H$P?$!?d$_,#F#/H$0?d$R*%'(#H$_?d$

G,-#"7#*;H$W?$K1'.*#$MaaXH$VUXB\aVUEH$\\U>\\]?$
]?$

@191:1H$ =?$ _?d$ @1+71-(,<1"H$ @?d$ K#/-%"H$ _?d$ 2<1"%<1H$ =?$ 2?d$ @,#<#*-H$ @?$ P?d$

P)%-'%/H$ =?$ 2?d$ S(%+)-%"H$ =?$ l?d$ j1/7,*",#H$ =?d$ J,/'A,.-H$ l?$ l?$ J?d$ =5b1*/1"#H$ N?$ S?d$
=16-#"H$P?$u?d$_,#F#/H$0?d$G,-#"7#*;H$W?$K1'.*#$Maa\H$VV\B\4VUEH$VXU>VX\?$

!

"$B

^?$

W,1A>P<1/%-H$_?d$L%";H$0?d$b%"'1"%H$G?d$j1/7,*",#H$=?d$R*%'(#H$_?d$G,-#"7#*;H$W?d$

01-)1*H$W?$L?$W?$l$=%/$j,%/$MaaUH$UUaBXEH$44QX>44\X?$
4a?$

e1*1<1-'.H$P?$m?d$L#1)+1"H$_?$W?d$Z1.H$J?$=?d$S:5F%H$_?$e*%5$K1'/$P516$@5,$t$@$

P$Maa]H$4aXBV\EH$4]UV^>4]UXV?$
44?$

j#*"-'#,"H$@?$L?d$J:''#"715(H$S?d$j1.+F#'"#*H$P?d$@(#1H$l?$G?d$j,'1"H$R?d$S#)/%9H$

W?$j?d$j%9#*-H$=?$S?$l$P+$0(#+$@%5$MaaXH$4M\B\EH$Ma\X>Ma]V?$
4M?$

=1*,"1H$R?$j?d$m,*F,'16A#H$W?d$L%+1F,"H$P?d$3%//#*-H$@?$@?d$j#"#6#FH$R?$j?d$S#)/%9H$

W?$j?$e*%5$K1'/$P516$@5,$t$@$P$MaaUH$4aaB4EH$UUa>UUX?$
4U?$

3,'1/,-H$P?d$J1";H$[?d$e1)).H$_?$3?$j,%)(:-$l$Maa\H$^UBQEH$4^MU>4^U\?$

4V?$

=1*5(.'H$P?$l?d$N1//H$0?$m?$e*%'$@'*.5'$b."5'$j,%,"&$Maa\H$QQB4EH$^Q>4a^?$

4X?$

m(.*1"1H$ _?d$ R,//#-),#H$ l?$ _?d$ S1/1)1'*1H$ P?d$ =,"#*'H$ L?$ l?d$ 2%"#-5.>v1"#'',H$ 0?d$

=,//#''H$2?d$b,"FH$P?$L?$j,%5(#+,-'*:$Maa4H$VaB4MEH$UXMX>UXUX?$
4Q?$

v.*6%H$ l?d$ R.,I1**%H$ l?$ 2?d$ l,+w"#AH$ l?$ L?d$ @1,7,/H$N?$ _?d$ W%7-%"H$ 0?$ =?$ l$ =%/$ j,%/$

Maa4H$U44BMEH$UMX>UVa?$
4\?$

K1;1,H$Z?d$2".,H$S?d$e%),#/H$N?$P?d$b.I,F1F#H$K?d$N1-#;191H$m?d$t*16#H$Z?d$R%'%H$Z?d$

K1,F,H$N?d$S%61H$S?$K1'$@'*.5'$=%/$j,%/$Maa\H$4VBVEH$UUM>UVa?$
4]?$

0(#"H$@?$=?d$b#**%"#H$b?$P?d$J#'A#/H$_?$e*%5$K1'/$P516$@5,$t$@$P$MaaMH$^^B4]EH$

44]]V>44]]^?$
4^?$

j(1''15(1*::1H$P?$=?d$S(1F.*H$P?$m?d$J#'A#/H$_?$e*%5$K1'/$P516$@5,$t$@$P$MaaXH$

4aMBVUEH$4XVaa>4XVaX?$
Ma?$

01**#//H$_?$J?d$L%+1-H$W?$P?$L1"5#'$4^^\H$UXaB^a\4EH$4UV>4U]?$

M4?$

t<#*-F:H$3?$K?d$b,"FH$P?$L?$j,%5(,+$j,%)(:-$P5'1H$e*%'$e*%'#%+,5-$MaaVH$4Q^]BMEH$

4U4>4XU?$
MM?$

L##H$ 0?$ 0?d$ J1/'#*-H$ _?$ N?d$ =.*)(:H$ _?$ =?$ j,%5(#+,-'*:$ Maa\H$ VQBVVEH$ 4M]4a>

4M]Ma?$

!

"$$

MU?$

PF1-1F1H$m?d$L1',&H$P?$_?$P?d$K1F1+.*1H$P?d$=1'-.%H$m?d$S15(,71"1H$N?d$R#FF%H$m?$

j,%5(#+,-'*:$Maa\H$VQBU\EH$4aVVV>4aVXa?$
MV?$

e1)).H$ _?$ 3?d$ J1";H$ [?d$ 3,'1/,-H$ P?d$ 0*,5FH$ @?$ L?$ P*5($ j,%5(#+$ j,%)(:-$ Maa\H$

VQ^B4EH$4UM>4V4?$
MX?$

j#*"15F,H$l?$e?d$=.*)(:H$_?$=?$j,%)(:-$l$Maa^H$^QB\EH$M]\4>M]]\?$

MQ?$

j./%"#H$W?d$=1-,"%H$L?d$S(%+1-H$W?$l?d$@1"$j,1;,%H$e?$L?d$e1-'%*#H$P?$eL%@$!KG$

MaaQH$4B4EH$#444?$
M\?$

2;"1'%<1H$ v?d$ S(1F.*H$ P?$ m?d$ J#'A#/H$ _?d$ R,#*1-5(H$ L?$ =?$ l$ j,%/$ 0(#+$ Maa\H$

M]MBXaEH$UQ\UQ>UQ\VU?$
M]?$

S1F1(1-(,H$ S?d$ m,F.5(,H$ @?d$ m1'161H$ @?d$ K1;1,H$ Z?d$ K,-(,A191H$ =?d$ !"%6#*1H$ !?$

N.+$=%/$R#"#'$Maa]H$4\BUEH$UVX>UXQ?$
M^?$

S#+.--,H$e?$P?d$=1-,"%H$L?d$e1-'%*#H$P?$G=j!$l$MaaUH$MMBUEH$UXX>UQ4?$

Ua?$

S*1"H$N?$S?d$=1%H$P?d$e1)).H$_?$3?$l$P+$0(#+$@%5$Maa]H$4UaBMUEH$\U]a>\U^M?$

U4?$

_%.TH$j?$0%+).'$e(:-$0%++."$4^^XH$^4B4>UEH$M\X>M]M?$

UM?$

@(1"F1*$ m.+1*H$ l?$ =?$ _?H$ WI1+1/$ j%.A,61H$ _%7#*'$ N?$ @9#"6-#"H$ e#'#*$ P?$

m%//+1"?$l$0%+).'$0(#+$4^^MH$4UB]EH$4a44>4aM4?$
UU?$

@.;,'1H$Z?d$m,'1%H$P?d$!F1+%'%H$Z?$l$0(#+$e(:-$MaaaH$44UB4XEH$QaVM>QaX4?$

UV?$

N%7%(+H$t?d$@5(1*&H$=?d$@5("#,6#*H$_?d$@1"6#*H$0?$e*%'#,"$@5,$4^^MH$4BUEH$Va^>

V4\?$
UX?$

m17-5(H$ J?d$ @1"6#*H$ 0?$ j,%)%/:+#*-$ >$ e#)',6#$ @5,#"5#$ @#5',%"$ 4^]UH$ MMB4MEH$

MX\\>MQU\?$
UQ?$

N.+)(*#:H$J?d$W1/F#H$P?d$@5(./'#"H$m?$l$=%/$R*1)($4^^QH$4VB4EH$UU>U]?$

U\?$

0*,5FH$@?$L?d$l1:1*1+1"H$=?d$b*,#6#"H$0?d$J#'A#/H$_?d$e1)).H$_?$3?$e*%5$K1'/$P516$

@5,$t$@$P$MaaQH$4aUBVXEH$4Q\QV>4Q\Q^?$
U]?$

!

J1/F#*H$b?$!?$L1"5#'$Maa\H$UQ^B^XX\EH$M4]>MM]?$

"$%

U^?$

!;191H$N?d$K1F1"%H$=?d$J1'1"17#H$N?d$@'1*,F%<H$G?$j?d$_%'(-'#,"H$@?$=?d$S1"1F1H$

@?$0%+).'$j,%/$0(#+$Maa]H$UMBMEH$4aM>44a?$
Va?$

e#*.'AH$=?$b?$=%/$=#6$4^^XH$4B\EH$\4]>\M4?$

V4?$

@#1*H$_?$e?$l$0(#+$e(:-$4^^\H$4a\B4]EH$\V\\>\V]M?$

VM?$

@1"',",H$ @?d$ =%.--#1.H$ K?d$ W#**#.+1.TH$ e?$ l$ P+$ 0(#+$ @%5$ MaaVH$ 4MQBU\EH$

44Xa^>44X4Q?$
VU?$

S1*'1;/,1H$ R?$ R?d$ 01<1//,H$ P?d$ e#//1*,"H$ _?d$ 01&/,-5(H$ P?$ e*%'#,"$ @5,$ MaaXH$ 4VB4aEH$

M\MU>M\UV?$
VV?$

L%+1F,"H$P?d$P-(#*,#H$K?d$j#"#6#FH$R?$j?$P2e$0%"&$e*%5$MaaUH$"%?Q^aH$U^a>U^4?$

VX?$

m*,-("1"H$_?d$L,"68.,-'H$@?$L?$K1'.*#$MaaXH$VUXB\aVUEH$\QX>\\M?$

VQ?$

L%+1F,"H$P?d$0(.";H$W?$@?d$j#"#6#FH$R?$j?d$m,*-5("#*H$W?$P?d$S#)/%9H$W?$j?$e*%5$

K1'/$P516$@5,$t$@$P$4^^QH$^UBUEH$44MX>44M^?$
V\?$

m.+1*H$@?d$t6;1%"F1*H$l?$j?$l$=%/$j,%/$Maa^H$U]XBVEH$4MQQ>4M\Q?$

V]?$

0#*.H$@?d$v#*%<",FH$G?$bGj@$L#''$Maa]H$X]MBMEH$MaU>Ma^?$

V^?$

S1"1F1H$ =?d$ =%*,-(,+1H$ 2?d$ PF1;,H$ S?d$ N1-(,F191H$ S?d$ K.F,"1H$ K?$ l$ j,%/$ 0(#+$

Maa4H$M\QBV]EH$VXV\a>VXV\X?$
Xa?$

=1-,"%H$ L?d$ m#//:H$ R?d$ L#%"1*6H$ m?d$ S*%'',#*H$ Z?d$ e1-'%*#H$ P?$ bGj@$ L#''$ MaaMH$

X4UBM>UEH$MQ\>M\M?$
$

!$
!

!

"$&

!"#$%&'( )*+( ,&-.&/!&( !0/%&1%( 2&$&/2&/!*&,( */(
$03453.%#6*/&( #55'&5#%*0/7( #/( *33.,%'#%*0/( .,*/5(
%"&(/8%&'6*/.,(09("./%*/5%*/(
)*+:+($;<=>?@<(
!"#$ %&'(#()'$ %&$ '*($ )(+"(&,($ ,-&'(.'$ /(0(&/(&,%()$ -1$ 0-2342"'56%&($
544#(45'%-&$75)$%&%'%5223$'#%44(#(/$83$!"#$!%&'$)'"/%()$-&$-2%4-0#-2%&(9$:7-$)'"/%()$
)*-7(/$'*5'$5$;<'(#6%&52$5''5,*6(&'$-1$5&$-2%4-0#-2%&($)(46(&'$'-$0-2342"'56%&($
,-"2/$ 52'(#$ '*($ 544#(45'%-&$ #5'()=$ '*($ 6-#0*-2-43$ -1$ #()"2'5&'$ 544#(45'()=$ 5&/$
(>(&$'*($,-&1-#65'%-&52$(&)(682()$-1$)-2"82($0(0'%/()9?=@$A&$'*($*-)'$0#-'(%&$-1$
BC=$ *"&'%&4'%&=$ '*($ 0-23D<(.05&)%-&$ %)$ ;<'(#6%&5223$ 125&E(/$ 83$ 5$ 0#-2%&(<#%,*$
)(46(&'$ )'5#'%&4$ 7%'*$ (2(>(&$ ,-&)(,"'%>($0#-2%&($ #()%/"()$ F)(($ :582($ ?9,G9$ :*%)$
)"44()')$5$ /%#(,'$ #(2(>5&,($-1$ '*()($ )'"/%()$ '-$ '*($ 05'*-4(&()%)$ -1$ BC$ !"# $!$'9$
H)$%)$/('5%2(/$%&$IA9@=$%'$%)$&-'$%&'"%'%>(23$,2(5#$'*5'$)",*$#(2(>5&,($,5&$8($"0*(2/$
/"($'-$'*($/%>(#)%'3$5&/$2(&4'*$-1$1#546(&')$(&,-"&'(#(/$!"#$!$'=$5&/$'*(%#$)'#-&4$
/%11(#(&'%52$(11(,')$-&$05'*-4(&()%)$7*(&$)'"/%(/$%&/%>%/"52239$
J-&('*(2())=$ '*()($ 5&/$ )%6%25#$ !"# $!%&'$ /5'5?<K$ 500(5#(/$ '-$ 0#()(&'$ 5$
7-#'*7*%2($ ,*522(&4($ '-$ -"#$ 58%2%'3$ '-$ #(52%)'%,5223$ 6-/(2$ '*($ 0#-0(#'%()$ -1$
0-2342"'56%&($%&$'*($0#()(&,($-1$125&E%&4$)(+"(&,()9$L-#E$%&$;*50'(#)$AIM$5&/$
IN$ *5/$ (.,2")%>(23$ 1-,")(/$ -&$ '*($ %&'#%&)%,$ 0#-0(#'%()$ -1$ 0-2342"'56%&($ 8"'$
0#->%/(/$ &-$ 1"#'*(#$ 5))())6(&'$ -1$ '*($ 58%2%'3$ -1$ '*($ HOPAJ:B$ %602%,%'$ )-2>5'%-&$
6-/(2$ 0#()(&'(/$ %&$ ;*50'(#$ AAAQ$ '-$ #(52%)'%,5223$ /(),#%8($ '*($ 0#-0(#'%()$ -1$ 6-#($
,-602(.$ 0(0'%/()9$ A&$ (5#23$ @RRS=$ :%6$ T9$ L%22%56)-&$ U$ 5'$ '*5'$ '%6($ 5$ 4#5/"5'($

!

"#$

)'"/(&'$%&$'*($258-#5'-#3$U$8(45&$)%6"25'%-&$7-#E$-&$)(+"(&,($,-&)'#",')$-1$'*($
'30($H,('32<D?NV??<J<6('*3256%/(9$H$/('5%2(/$5,,-"&'$%)$&-'$4%>(&$*(#($8"'$653$
U$ "0-&$ ,-602('%-&$ U$ 500(5#$ (2)(7*(#($ %&$ '*($ 1"'"#(9$ O#%(123=$ )'"/%()$ 5'$ '*($
6-&-6(#$ 2(>(2$ #(>(52(/$ '*5'$ '*()($ 0(0'%/()$ ,-&'%&"($ '-$ "&/(#4-$ 5$ 7(22</(1%&(/$
,-%2<'-<42-8"2($'#5&)%'%-&$5)$5$1"&,'%-&$-1$)%6"25'%-&$'(60(#5'"#($F)(($;*50'(#$AIG$
5&/$ '*5'$ '*(3$ #(65%&$ /%)-#/(#(/9$ H&523)%)$ -1$ '*($ 0#-2%&($ )(46(&'$ 3%(2/(/$ '*5'=$
7%'*$ '*($ HOPAJ:B$ 1-#,($ 1%(2/$ 5&/$ 5$ W-&'($ ;5#2-$ )5602%&4$ 500#-5,*=$ 25#4($
1#5,'%-&)$ -1$ '*($ 56%/($ 8-&/)$ -1$ '*($ 0#-2%&($ #()%/"()$ )5602(/$ '*($ (!)<
,-&1-#65'%-&$ 5&/$ '*($ -2%4-0#-2%&($ )'#(',*$ ->(#522$ 500(5#(/$ )"#0#%)%&423$ 12(.%82(9$
L($)")0(,'(/$'*%)$'-$8($5$)%6"25'%-&$5#'%15,'$85)(/$-&$'*($F528(%'$*%4*23$>5#%582(G$
()'%65'()$ 1-#$ '*($ (!)<,-&'(&'$ -1$ 0#-2%&(<85)(/$ 0(0'%/()$ (.'#5,'(/$ 1#-6$ >5#%-")$
(.0(#%6(&'52$ '(,*&%+"()9$ L($ #(>%)(/$ -"#$ 6-/(2%&4$ -1$ 0#-2%&($ )2%4*'23=$ 5&/$
)"8)(+"(&'$ #()"2')$ (.*%8%'(/$ )%4&%1%,5&'23$ 2-7(#$ (!)<,-&'(&')$ 1-#$ 0#-2%&(<85)(/$
0(0'%/()9$B-7(>(#=$5$)5'%)15,'-#3=$42-852$54#((6(&'$7%'*$/5'5$-&$6-/(2$0(0'%/()$
(.'#5,'(/$1#-6$JWX$)0(,'#-),-03Y$75)$&-'$-8'5%&(/9$:*($0(0'%/()$)'%22$500(5#(/$
'-$8($'--$12(.%82($5&/$'-$0-0"25'($'*($(!)<,-&1%4"#5'%-&$%&$(.,())$-1$(.0(#%6(&'5223$
/(#%>(/$ (.0(,'5'%-&9$ :*%)$ ,-%&,%/(/$ 7%'*$ 5$ /(>(2-0%&4$ %&'(#()'$ %&$ '*($ J<'(#6%&52$
125&E%&4$ )(+"(&,($ (&,-"&'(#(/$ %&$ *"&'%&4'%&$ 5&/$ '*($ 0#-Z(,'$ 75)$ '(60-#5#%23$
)")0(&/(/9$
A&$ (5#23$ @RR[=$ T665$ W-##%)-&$ U$ 5'$ '*5'$ '%6($ 5$ #-'5'%-&$ )'"/(&'$ U$
5''(60'(/$'-$+"5&'%13$-"#$58%2%'3$'-$,-##(,'23$6-/(2$0#-2%&($")%&4$5$/%11(#(&'$)('$-1$
6-/(2$0(0'%/()$5&/$5$/%11(#(&'$)('$-1$(.0(#%6(&'52$/5'59S=[$A&$/%#(,'$,-&'#5/%,'%-&$
-1$ '*($ 0#(>%-")$ #()"2'=$ )*($ 1-"&/$ '*5'$ '*($ )%6"25'(/$ 0-0"25'%-&)$ -1$ '*($ (!)<

!

"#%

,-&1%4"#5'%-&$-1$'*($56%/($8-&/$7(#($4(&(#5223$'--$2-79$:*%)$0-%&'$0#()(&'(/$5&$
%605))(\$ WC<85)(/$ !"# )!*!('$ 500#-5,*()$ 7%'*$ 0"'5'%>(23$ 6-#($ 5,,"#5'($ 1-#,($
1%(2/)$ 5#($ #(&/(#(/$ %&1(5)%82($ /"($ '-$ '*($ (.'#(6(23$ 2-&4$ '%6(),52($ &((/(/$ 1-#$
(!)]%&+")<%)-6(#%^5'%-&9$T.0(#%6(&'52$/5'5$)((6$'-$8($6"'"5223$%&,-&)%)'(&'$7%'*$
(5,*$ -'*(#$ 5&/]-#$ /(0(&/$ ,#",%5223$ -&$ '*($ /('5%2(/$ &5'"#($ -1$ '*($ 6-/(2$ 0(0'%/($
(602-3(/9$_"%/5&,($%)$*(&,($2%6%'(/$%&$(.'#5,'%&4$0*3)%,52$0#%&,%02()$'-$%&1-#6$5&$
%60#->(/$ 6-/(2$ 1-#$ 0#-2%&(9$ W-#(->(#=$ 5$ )'#-&4$ ,5)($ *5)$ 8((&$ 65/($ '*5'$
(2(,'#-&%,$(11(,')?R$5#($%&/%)0(&)582($%&$(.025%&%&4$'*($%&'#%,5'($&5'"#($-1$0#-2%&(=$
7*%,*$ 7($ 7-"2/$ -&23$ 8($ 582($ '-$ ,50'"#($ (60%#%,52239$ _%>(&$ '*()($ -8)(#>5'%-&)=$
7($ /(,%/(/$ '*5'$ %'$ 7-"2/$ #(65%&$ %&,#(/%823$ /%11%,"2'$ '-$ /%)'%&4"%)*$ )%6"25'%-&$
5#'%15,'$1#-6$#(2(>5&'$#()"2'$%&$)'"/%()$-1$0#-2%&(<#%,*$)3)'(6)`$*(&,(=$522$-"#$1-,")$
)*%1'(/$'-$'*($J<'(#6%&52$)(46(&'9$
:*%)$ ,*50'(#$ %)$ 85)(/$ (&'%#(23$ -&$ )%6"25'%-&)$ #"&$ 5&/$ /5'5$ 5&523^(/$ 83$
:%6$T9$L%22%56)-&9$B%)$,-&'#%8"'%-&)$5#($5)$1-22-7)\$*($()'582%)*(/$5$)%6"25'%-&$
0#-'-,-2$ 1-#$ -8'5%&%&4$ #(2%582($ /5'5$ -&$ 0(0'%/()$ -1$ '*($ '30($ J'?Y<D!9$ V5#'%5223$
85)(/$ -&$ )"44()'%-&)$ 5&/$ ,-&'%&"(/$ /%),"))%-&)$ *($ 5&523^(/$ '*($ /5'5$ %&$ 5$
65&&(#$#(12(,'%&4$'*($*('(#-0-236(#%,$&5'"#($-1$'*($0(0'%/()9$L%'*$'*($(.,(0'%-&$
-1$ a%4"#()$ Q9?$ 5&/$ Q9M=$ 522$ '*($ 1%4"#()$ %&$ '*%)$ ,*50'(#$ 7(#($ ,#(5'(/$ 83$ *%69$ :*($
'(.'$ %&$ IA9K$ 5&/$ IA9M$ %)$ 05#'%5223$ 85)(/$ -&$ 5$ )E(2('52$ 65&"),#%0'$ 0#(05#(/$ 83$
*%69??$ P,-''$ b9$ ;#%,E=$ 5$ 4#5/"5'($ )'"/(&'$ %&$ '*($ 258-#5'-#3=$ 0(#1-#6(/$ '*($ ;C$
)0(,'#-),-03$6(5)"#(6(&')$0#()(&'(/$ %&$ IA9M9?$ 5&/$ a%4"#($ Q9M9$ V(0'%/()$ 7(#($
-8'5%&(/$ 5)$ 5$ 4(&(#-")$ 4%1'$ 1#-6$ :#(>-#$ V9$ ;#(56(#$ 5'$ '*($ c&%>(#)%'3$ -1$
d(&'",E3=$b(.%&4'-&$F)(($IA9K9KG9$

!

"#"

)*+A+(*BC;DEFGCHDB(CD(,<IF<BG<(!DBC<JC(2<K<BE<BGH<L(HB("2$
L($'-",*(/$"0-&$'*($%))"($-1$0#-'(-23)%)$%&$;*50'(#$A=$)0(,%1%,5223$%&$A9@9M$
5&/$ A9@9Y9$ H26-)'$ 522# !"# $!$'$ )'"/%()$ #(0-#'$ 5$ /%11(#(&'%52$ 05'*-4(&%,$ (11(,'$ %&$
5&%652$ -#$ ,(22"25#$ 6-/(2)$ -1$ (.-&%,$ ;H_$ #(0(5'$ /%)(5)()$ %1$ /%11(#(&'$ )(+"(&,($
,-&)'#",')$ 5#($ (.0#())(/9?@<?Y$ T>(&$ '*-"4*$ '*(#($ 653$ 8($ (.,(0'%-&)=$ %'$ %)$
,-66-&23$'*-"4*'$'*5'$'*($1"22<2(&4'*=$6"'5&'$*-)'$0#-'(%&$F)(($:582($?98$%&$A9@9KG$
%)$&-'$'*($/-6%&5&'$'-.%,$)0(,%()9$A&)'(5/=$%'$500(5#)$5)$%1$0#-'(-23'%,$1#546(&')$
/(#%>(/$ 1#-6$ '*($ (.05&/(/$ /%)(5)($ 0#-'(%&$ 5#($ 6-#($ 2%E(23$ /%)(5)($ ,5")%&4$
54(&')$ Fe'-.%,$ 1#546(&'f$ *30-'*()%)G9?K=?S=?[$ a-22-7%&4$ A9@9M=$ '*%)$ 653$ 8($
"&/(#)'--/$ ,-&,(0'"5223\$ '*($ 0#()(&,($ -1$ '*($ 1-2/(/$ /-65%&$ )-2"8%2%^()$ '*($
6"'5&'$0#-'(%&$5&/$05#'%5223$0#-'(,')$'*($VD;P$1#-6$'*($%22$(11(,')$7*%,*$7-"2/$8($
%&/",(/$ %1$ '*($ 0-23D<(.05&)%-&$ 7(#($ '-$ 8($ ,2(5>(/$ -119$ H$ 6(,*5&%)6$ 1-#$ '*%)$
7-"2/$8($)%6%25#$'-$7*5'$5002%()$'-$522$1-2/(/$0#-'(%&)\$*3/#-0*-8%,$#()%/"()$1-#$
%&)'5&,($5#($'-2(#5'(/$%1$'*(3$5#($F5'$2(5)'$05#'%5223G$)(+"()'(#(/$5753$5&/$*(&,($
&-'$5>5%2582($1-#$0-'(&'%5223$05'*-2-4%,52$%&'(#5,'%-&)9$a"#'*(#6-#(=$'*($*3/#-0*%2%,$
)"#15,($ -1$ 42-8"25#$ 0#-'(%&)$ 7%22$ 0#(>(&'$ 6-2(,"25#$ ,*50(#-&()$ 1#-6$ %&'(#5,'%&4$
7%'*$)(+"()'(#(/$*3/#-0*-8%,$)'#(',*()$5&/$)'#())$-&$'*($VD;P$%)$6%&%6529$O"'$
7*5'$ *500(&)$ %1$ 5$ *-6-0-236(#%,=$ %&'#%&)%,5223$ %&)-2"82(=$ /%)-#/(#(/=$ 5&/$
544#(45'%-&<0#-&($(.05&)%-&$%)$%&'#-/",(/g$;2(5#23=$'*($#()"2'5&'$0#-0(#'%()$7%22$
/(0(&/$ -&$ '*($ #(25'%>($ )%^()$ -1$ '*($ 0#-'(,'%>($ *-)'$ )(+"(&,($ 5&/$ '*($ 6"'5&'$
(.05&)%-&\$)",*$/(0(&/(&,($%)$/(6-&)'#5'(/$%&$IA9M9$
:582($ ?9,$ F)(($ A9@9YG$ )*-7)$ '*5'$ '*($ )(+"(&,()$ )"##-"&/%&4$ '*($ 0-23D<
(.05&)%-&$%&$'*($*-)'$0#-'(%&)$1-#$'*($&%&($(.-&%,$;H_$#(0(5'$/%)(5)()$)*5#($&-$

!

"#&

)%6%25#%'3$(.,(0'$'*5'$'*(3$(.*%8%'$)-6($0#(>52(&,($1-#$2-7$,-602(.%'3$)(+"(&,()9$
W-)'$(.0(#%6(&'52$#()(5#,*$*5)$8((&$0(#1-#6(/$-&$BC=$5&/$*(&,($%'$8(,-6()$
-"#$ 1-,")$ *(#(\$ *"&'%&4'%&$ F*''G$ %)$ 5$ 25#4($ 0#-'(%&$ -1$ #-"4*23$ KNREC$ 5&/$ 6-)'23$
"&E&-7&$ 1"&,'%-&$ F)(($ :582($ ?98G9$ :*($ 1%#)'$ (.-&$ -&$ '*($ 4(&($ F(.-&?G$ ,-&'5%&)$
'*($ ;H_$ #(0(5'9$ P*-#'$ J<'(#6%&52$ )(+"(&,($ ,-&)'#",')$ (&,-605))%&4$ (.-&?$
*5>($ 8((&$ ")(/$ '-$ /(6-&)'#5'($ )(>(#52$ )0(,%1%,$ 0#-'(%&<0#-'(%&$ %&'(#5,'%-&)$ %&$
,&')'-.!*+9@R$ :*($ %/(&'%1%(/$ %&'(#5,'%-&$ 05#'&(#)$ 7(#($ ,-&1%#6(/$ '-$ 8($ 4(&('%,$
6-/%1%(#)$-1$'*($/%)(5)($0*(&-'30(9$J<'(#6%&52$)(+"(&,($,-&)'#",')$U$"&2%E($1"22<
2(&4'*$ *''$ U$ -1$ >5#3%&4$ 2(&4'*$ 7(#($ )*-7&$ '-$ 6(/%5'($ '*($ 5))-,%5'%-&$ 7%'*$
6%'-,*-&/#%5`$ 5$ 05'*-4(&%,$ 6(,*5&%)6$ #(25'(/$ '-$ 5.-&52$ '#5&)0-#'$ 5&/$ ;5@h$
*-6(-)'5)%)$75)$)"44()'(/9@?=@@$A'$75)$/(6-&)'#5'(/$'*5'$'*($0#()(&,($-1$'*($?Y$
#()%/"()$ J<'(#6%&52$ '-$ '*($ 0-23D<(.05&)%-&$ FJ'?Y\$ WH:bTdbWdHaTPbdPaG$
#(/%#(,'(/$ 0-23D<(.05&/(/$ 1#546(&')$ 1#-6$ '*(%#$ &-#652$ &",2(5#$ 2-,5'%-&$ '-$
6%'-,*-&/#%5$ 5&/$ '*5'$ %'$ 52'(#(/$ '*($ 0(0'%/()i$ !"# $!$'$ 544#(45'%-&$ 8(*5>%-#9@?$
;-&)%)'(&'$ 7%'*$ '*($ %/(5$ -1$ J'?Y$ 5,'%&4$ 5)$ 5$ ,3'-)-2%,$ #('(&'%-&$ )%4&52=$ %'$ 75)$
)*-7&$ '*5'$ PcW!325'%-&$ -1$ 23)%&($ #()%/"()$ 2-,5'(/$ 7%'*%&$ '*($ J'?Y$ )'#(',*$
0#-6-'()$ 8-'*$ &",2(5#$ 2-,52%^5'%-&$ 5&/$ )"8)(+"(&'$ %&'(#1(#(&,($ 7%'*$
'#5&),#%0'%-&52$#(4"25'%-&$7*(&$,-605#(/$'-$&-&<PcW!325'(/$)"8)'#5'()9@K$
:*($58->($#()"2')$)'#-&423$)"44()'$'*5'$'*($%605,'$-1$125&E%&4$)(+"(&,()$
653$ 8($ 0#-1-"&/$ 5&/$ '*5'$ 5&$ (.,2")%>($ 1-,")$ -&$ '*($ %&'#%&)%,$ 0#-0(#'%()$ -1$
0-2342"'56%&($ 653$ 15%2$ %&$ (.025%&%&4$ BC$ 05'*-4(&()%)9$ A'$ %)$ *-7(>(#$ &-'$ (5)%23$
0-))%82($ '-$ +"5&'%13$ 5&/$ ,*5#5,'(#%^($ !"# $!$'$ 1#546(&')$ 5)$ '*(3$ 6%4*'$ -,,"#$
/"#%&4$ 0#-'(-23)%)$ -1$ 6"'5&'$ *''9$ B(&,(=$ '*($ #(2(>5&,($ -1$ #()"2')$ -8'5%&(/$ 7%'*$

!

"#'

+&%!/!(!+*$ ,-&)'#",')$ 653$ 8($ +"()'%-&(/\$ 0#-'(-23'%,$ 5&523)%)$ -1$ *''$ *5)$ %&$ 15,'$
#(>(52(/$ '*5'$ /()0%'($ '*($ 0#()(&,($ -1$ 7(22</(1%&(/$ ,2(5>54($ )%'()$ '*($ #()"2'5&'$
1#546(&')$ 1-#6$ 5$ *('(#-4(&(-")$ 0-0"25'%-&$ -1$ 0(0'%/()$ -1$ /%11(#%&4$ 2(&4'*)9@M=@N$
H)$ 5$ )-6(7*5'$ 05#)%6-&%-")$ 4"())=$ 7($ &-&('*(2())$ 5''(60'$ '-$ +"5&'%13$ '*($
(11(,')$ -1$ '*($ J'?Y<1#546(&'$ -&$ '*($ %&'#%&)%,$ 0#-0(#'%()$ -1$ 0-2342"'56%&($ %&$ '*%)$
,*50'(#9$A'$%)$>(#3$2%E(23$'-$8($0#()(&'$%&$5,'"52$/%)(5)(<#(2(>5&'$,-&)'#",')$/"($'-$
%')$ %66(/%5'($0#-.%6%'3$'-$ '*($ 0-23D<(.05&)%-&$ 7*%,*$ 7($ )'%22$ 5))"6($ 0253)$ '*($
/-6%&5&'$05'*-4(&%,$#-2(9$
:*5E"#$0%#+*9@Q$#(,(&'23$/(6-&)'#5'(/$'*5'$'*($0#(>%-")$#()"2')$-8'5%&(/$1-#$
0(0'%/($,-&)'#",')$-1$'*($'30($d@D!d@@Y=@S$5#($)'#-&423$52'(#(/$1-#$0(0'%/()$-1$'*($
'30($ J'?Y<D!d@\$ /%)'%&,'$ )0*(#%,52$ -2%4-6(#)$ 5#($ )((&$ %&$ (2(,'#-&$ 6%,#-4#50*)$
(5#23=$'*($544#(45'%-&$->(#522$0#-,((/)$15)'(#=$5&/$'*($5005#(&'$&",2(")$)%^($1-#$
*-6-4(&(-")$ &",2(5'%-&$ 3%(2/)$ '*($ &-&)(&)%,52$ #()"2'$ -1$ <?$ %&/%,5'%&4$ '*5'$
*-6-4(&(-")$&",2(5'%-&$/-()$&-'$500239$W"'5'%-&52$5&523)%)$500(5#)$'-$%/(&'%13$
5$0#-6%&(&'$#-2($1-#$*3/#-0*-8%,$#()%/"()$%&$'*($J'?Y<1#546(&'$%&$6(/%5'%&4$'*($
%&,#(5)(/$544#(45'%-&$#5'(9$JWX$5&/$;C$/5'5$%&/%,5'($'*($J'?Y<1#546(&'$'-$8($
6-)'23$/%)-#/(#(/=$52'*-"4*$!<*(2%,52$,-&1-#65'%-&)$5#($#(5/%23$0-0"25'(/$%&$?Rj$
F>]>G$:aT9$X(,(&'$!"#)!*!('$7-#E@[$)"44()')$6-#($0#-6%&(&'$!<*(2%,%'39$a%4"#($Q9?$
)*-7)$ '*5'$ '*($ J'?Y<1#546(&'$ 653$ 1-#6$ 5&$ 560*%05'*%,$ *(2%.$ 5)$ )"44()'(/9@[$
:*($ )'#",'"#52$ 6-/(2)$ #(>(52$ '*5'$ '*($ 0#()(&,($ -1$ !<*(2%,52$ *3/#-4(&$ 8-&/)$
#(+"%#()$ '*($ '7-$ %&'(#15,()$ ,*5#5,'(#%^(/$ 83$ (%'*(#$ *3/#-0*-8%,$ 4#-"0)$ -#$ 83$
,*5#4(/$4#-"0)$'-$8($)2%4*'23$'7%)'(/9$J-&('*(2())=$'*($560*%05'*%,$,*5#5,'(#$%)$
,2(5#23$>%)%82($%&$(%'*(#$05&(29$

!

"#(

#

M

$
9HNF;<(O+:7('<BE<;HBNL(DP(CQ<(/C:R8K<KCHE<(HB(HE<=@HS<E(!8Q<@HG=@(GDBPD;>=CHDB9$:*($
)'#",'"#($ 75)$ -8'5%&(/$ 83$ )(''%&4$ 522$ 85,E8-&($ "=#<5&42()$ '-$ >52"()$ -1$ <NY9Sk$ 5&/$ <
MY9Rk=$#()0(,'%>(239$V5&(2$H$)*-7)$5$)%/($>%(7$5&/$V5&(2$O$5$'-0$>%(7$5&52-4-")$'-$5$
*(2%,52$ 7*((2$ /%54#569$ P05,(<1%22%&4$ #(0#()(&'5'%-&)$ 5#($ ,*-)(&$ 1-#$ )(2(,'$ 5'-6)\$
*3/#-0*-8%,$ )%/(,*5%&)$ %&$ 3(22-7=$ &(45'%>(23$ ,*5#4(/$ )%/(,*5%&)$ %&$ #(/=$ 5&/$ 0-)%'%>(23$
,*5#4(/$)%/(,*5%&)$%&$82"(9$_#50*%,)$7(#($4(&(#5'(/$")%&4$IWC9KR$

B(#(=$ 7($ 5''(60'$ '-$ 5//#())$ '*($ 1-22-7%&4$ +"()'%-&)$ 0(#'5%&%&4$ '-$ '*($
6-/"25'%-&$-1$0-2342"'56%&(i)$%&'#%&)%,$0#(1(#(&,()$83$'*($0#()(&,($-1$'*($J'?Y<
1#546(&'=$!101=$7($%&>()'%45'($0(0'%/($,-&)'#",')$-1$'*($'30($J'?Y<D!\$
$$ C-()$'*($E&-7&$)(,-&/5#3$)'#",'"#($0#(1(#(&,($-1$'*($J'?Y<1#546(&'$%&/",($
)(,-&/5#3$ )'#",'"#($ %&$ '*($ 0-23D<)(46(&'$ -#$ /-()$ '*($ 25''(#$ #(65%&$
/%)-#/(#(/g$ H#($ 5&3$ %&/",(/$ ,-&1-#65'%-&52$ 8%5)()$ /(0(&/(&'$ -&$ !g$
;-&>(#)(23=$ /-()$ '*($ 0#()(&,($ -1$ 0-23D<(.05&)%-&)$ -1$ )"11%,%(&'$ 2(&4'*$ 52'(#$
'*($ ,-&1-#65'%-&52$ (&)(682()$ 0-0"25'(/$ 83$ '*($ J'?Y<)(46(&'$ 5)$ )"44()'(/$
83$:*5E"#$0%#+*1g@Q$

!

"#)

$$ L*5'$ '30()$ -1$ %&'#56-2(,"25#$ %&'(#15,()$ 5#($ 1-#6(/g$ H#($ '*($ *3/#-0*-8%,$
#()%/"()$(11(,'%>(23$)(+"()'(#(/$1#-6$)-2>(&'$%&$,-&)'#",')$7%'*$25#4($(&-"4*$
!$-#$/-$'*(3$#(65%&$)"#15,(<(.0-)(/g$
$$ C-()$ 0-2342"'56%&($ )0-&'5&(-")23$ /%6(#%^($ %&$ '*($ 0#()(&,($ -1$ '*($ J'?Y<
1#546(&'g$ L*5'$ 5#($ '*($ %&'(#6-2(,"25#$ %&'(#15,()$ 1-#6(/g$ A)$ '*($ 5))-,%5'%-&$
/#%>(&$83$*3/#-0*-8%,$,-&'5,')=$83$'*($0-23D<(.05&)%-&=$-#$83$8-'*g$
$$ A)$'*(#($5$2!//0&0"%!+*$(11(,'$-&$5))-,%5'%>%'3$5)$-8)(#>(/$83$:*5E"#$0%#+*9g@Q$C-$
42"'56%&($ *-6-0-236(#)$ 5))-,%5'($ 6-#($ -#$ 2())$ #(5/%23$ 5&/$ 7*5'$ %)$ '*($
%605,'$-1$'*($125&E%&4$)(+"(&,()$")(/$%&$!"#$!%&'$(.0(#%6(&')g$
:*($ #()'$ -1$ ;*50'(#$ IA$ %)$ )'#",'"#(/$ 5)$ 1-22-7)\$ 1%#)'=$ 7($ 8#%(123$ %&'#-/",($
'*($ )%6"25'%-&$ /('5%2)$ 7*%,*$ 5#($ 25#4(23$ )%6%25#$ '-$ 0#(>%-")$ 7-#E$ F;*50'(#)$ AIM$
5&/$ING$5&/$0#->%/($/('5%2)$1-#$'*($;C$)0(,'#-),-03$(.0(#%6(&')$FIA9KG9$L($'*(&$
4%>($5$/('5%2(/$5,,-"&'$-1$-"#$#()"2')$FIA9MG$5&/$1%&%)*$83$/%),"))%&4$'*($%605,'$-1$
'*($#()"2')$-&$!"#$!%&'$5&/$!"#$!$'$(.0(#%6(&')=$%&$05#'%,"25#$'*($7-#E$-1$:*5E"#$0%#
+*9@Q$FIA9NG9$

)*+T+(,H>F@=CHDB(=BE(&JK<;H><BC=@(2<C=H@L(
3415161#78)%09#70%:-#+"2#;'"/'&9+%!'"+*#7+9-*!"<#
:*($)%6"25'%-&$6('*-/-2-43$(602-3(/$*(#($54#(()$25#4(23$7%'*$7*5'$75)$
0#()(&'(/$%&$AI9K9?$5&/$AI9K9@9$V(0'%/()$7(#($4(&(#5223$,500(/$5'$'*($J<$5&/$;<
'(#6%&%9$ L($ )'"/%(/$ '*#(($ /%11(#(&'$ '30()$ -1$ ,-&)'#",')\$ 5,('32<J'?Y<D!<J<
6('*3256%/($ FJ'?Y$ l$ WT:bTdbWdHaTPbdPaG=$ H,('32<D!<J<6('*3256%/(=$ 5&/$
H,('32<d@D!d@<J<6('*3256%/(9$ :*($ ,*5%&)$ 7(#($ 6-/(2(/$ %&$ 5'-6%,$ /('5%2$ 5&/$

!

"#*

'*(%#$%&'(#5,'%-&)$7%'*$(5,*$-'*(#$5&/$'*($)-2>(&'$75)$/(),#%8(/$83$'*($HOPAJ:B$
,-&'%&""6$ )-2>5'%-&$ 6-/(2Q$ F)(($ ;*50'(#$ AAAG9$ a-#$ 522$ )%6"25'%-&)=$ )5602%&4$ 75)$
(&*5&,(/$ 83$ '*($ #(02%,5$ (.,*5&4($ FXTmG$ 6('*-/$ %&$ '(60(#5'"#($ )05,(9K?$ :*($
1-22-7%&4$'(60(#5'"#($),*(/"2($75)$")(/\$:$l$@[Sd=$KRNd=$K?Nd=$K@Nd=$KKNd=$
KMNd=$KNNd=$KQNd=$KYNd=$KSNd9$H$)"665#3$-1$'*($)%6"25'%-&)$7($0(#1-#6(/$%)$
)*-7&$%&$:582($Q95\$
$<KCHE<(

!

6DBD><;(

2H><;(U:VV%6W 2H><;(UXVV%6W
<$

J'?Y$

?R$

N$

J'?Y<DN

N$

N$

N$

J'?Y<D?R

M$

<$

<$

J'?Y<D?N

?Q$

[$

N$

J'?Y<D@R

N$

<$

<$

J'?Y<D@N

K$

N$

N$

J'?Y<DKR

K$

<$

<$

J'?Y<DKN

K$

N$

N$

J'?Y<DMN

K$

<$

<$

DN

<$

K$

<$

D?N

[$

N$

<$

D@R

K$

<$

<$

D@N

K$

N$

<$

DKR

K$

<$

<$

DKN

K$

N$

<$

DMN

K$

<$

<$

"##

$<KCHE<(

6DBD><;(

d@<DN<d@

<$

K$

<$

d@<D?N<d@

<$

K$

<$

d@<D@N<d@

<$

K$

<$

d@<DKN<d@

<$

N$

<$

2H><;(U:VV%6W 2H><;(UXVV%6W

%=?@<( O+=7( &JC<BC( DP( LH>F@=CHDBL( LCFEYHBN( CQ<( <PP<GCL( DP( CQ<( /C:R8P;=N><BC( DP(
QFBCHBNCHB9$ a-#$ (5,*$ 0(0'%/($ %&>()'%45'(/=$ '*($ '582($ 2%)')$ '*($ &"68(#$ -1$ %&/(0(&/(&'$
)(')$-1$#(02%,5'()$-8'5%&(/$1-#$5$4%>(&$,-&/%'%-&9$H$)%&42($#(02%,5'($%)$/(1%&(/$5)$5$XTm$
#"&$ (&,-605))%&4$ '(&$ %&/%>%/"52$ #(02%,5)$ ,-##()0-&/%&4$ '-$ '(&$ /%11(#(&'$ '(60(#5'"#()$
F)(($'(.'G9$T5,*$%&/%>%/"52$#(02%,5$75)$#"&$1-#$N9?Nn?RY$0#-/",'%-&$)'(0)$51'(#$?RY$)'(0)$
-1$ (+"%2%8#5'%-&9$ :*()($ )(''%&4)$ 7(#($ &((/(/$ '-$-8'5%&$ +"5&'%'5'%>(23$ 6(5&%&41"2$ #()"2')$
1-#$ '*($ 2-&4()'$ 0(0'%/()$ )'"/%(/9$ J-'$ 522$ ,-&)'#",')$ 7(#($ )%6"25'(/$ "&/(#$ 522$ ,-&/%'%-&)$
5)$%&/%,5'(/$83$/5)*()9$

W5#E->$,*5%&$W('#-0-2%)$W-&'($;5#2-$FW;G$)%6"25'%-&)$7(#($0(#1-#6(/$%&$
'*($,5&-&%,52$(&)(682($"'%2%^%&4$-"#$%&<*-")($;HWVHXA$)-1'75#(9K@$:*($0(0'%/()$
7(#($ (&,2-)(/$ %&$ 5$ )0*(#%,52$ /#-02('$ 7*-)($ 8-"&/5#3$ 75)$ 6-/(2(/$ 5)$ 5$ )'%11=$
-&(<)%/(/$ *5#6-&%,$ 0-'(&'%52$ 5,,-#/%&4$ '-$ T+"5'%-&$ M<?9$ H'$ 0B$ Y=$ '*($ J'?Y<D!$
,-&)'#",')$ 5#($ (.0(,'(/$ '-$ ,5##3$ 5$ &('$ ,*5#4($ -1$ 500#-.%65'(23$ ?9R9$ :-$ 0#(>(&'$
)'#-&4$)%6"25'%-&$5#'%15,')$1#-6$(2(,'#-)'5'%,$%&'(#5,'%-&)$6-/(2(/$%&$5&$"&#(52%)'%,$
6%2%("=$ 7($ 5//(/$ (.02%,%'$ ,*2-#%/($ ,-"&'(#%-&)$ 02")$ 5$ &"68(#$ -1$ )-/%"6$ 5&/$
,*2-#%/($ %-&)$ (+"52$ '-$ 5$ )52'$ ,-&,(&'#5'%-&$ -1$ @9N6W9$ :-$ 6-/(2$ '*($ (11(,')$ -1$
0(0'%/($ ,-&,(&'#5'%-&$ 7($ ")(/$ '7-$ /%11(#(&'$ /#-02('$ )%^()$ %&$ /%6(#$ )%6"25'%-&)\$
??Y9Ro$5&/$@RR9Ro$,-##()0-&/%&4$'-$0(0'%/($,-&,(&'#5'%-&)$-1$NRR$5&/$?RR%W=$

!

"#+

#()0(,'%>(23$F)(($:582($Q95G9$H22$6-&-6(#$)%6"25'%-&)$7(#($0(#1-#6(/$%&$/#-02(')$
-1$#5/%")$@RR9Ro9$$$
:*($0#()(&,($-1$(.02%,%'$,-"&'(#%-&)$6(5&)$'*5'$'*($)5602%&4$-1$#%4%/<8-/3$
/(4#(()$-1$1#((/-6$%&$'*($W;$6('*-/-2-43$653$8($2())$(11%,%(&'9$L($'*(#(1-#($
(602-3(/$'*($W;$6->($)('$/('5%2(/$%&$:582($Q98\$
6DZ<(CYK<(

$=;=><C<;L(

X%4%/<8-/3$

@Yj$FNRj=$?Ro=$@RkG$

X5&/-6$,2")'(#$$

Kj$FNRj=$?Ro=$@RkG$

!6(45$F&G$

M9[j$F[Rj=$NkG$

P%/(,*5%&$F'?=$'@=$'KG$

@?j$FM.=$QRj=$KRkG$

O5,E8-&(("]#$

MM9?j$FYRj=$?RkG$

%=?@<(O+?7(0Z<;ZH<[(DP(CQ<(P;<IF<BGY(DP(CQ<(EHPP<;<BC(6DBC<(!=;@D(>DZ<L(L<CL(FL<E(
HB(LH>F@=CHDBL(DP(KD@Y-8<JK=BE<E(/C:R9$X5&/-6$,2")'(#$6->()$5''(60'$'-$0(#'"#8$'*($
#%4%/<8-/3$ ,--#/%&5'()$ -1$ '7-$ 6-2(,"2()$ )%6"2'5&(-")23\$ '7-$ 6-2(,"2()$ 5#($ ,*-)(&$ 5'$
#5&/-6=$'#5&)25'(/$83$5$,-66-&$>(,'-#=$5&/$#-'5'(/$5#-"&/$'*(%#$6"'"52$,(&'(#$-1$65))9$$
O3$ 0#()(#>%&4$ '*(%#$ #(25'%>($ -#%(&'5'%-&=$ '%4*'23$ 5))-,%5'(/$ 6-2(,"2()$ ,5&$ 8($ )5602(/$
6",*$6-#($(11(,'%>(239$V2(5)($#(1(#$'-$'*($,50'%-&$'-$:582($M95$1-#$/('5%2)$58-"'$'*($-'*(#$
6->($'30()$5&/$'*(%#$"&/(#23%&4$05#56('(#)9$$

34151=1#>"+*8)!)#'/#7!9:*+%!'"#,+%+#
?&&'&#>"+*8)!)#
P&50)*-')$-1$'*($)3)'(6$7(#($)5>(/$(>(#3$NRRR$)'(0)$5&/$%&'(#6-2(,"25#$
/%)'5&,()$ 5&/$ 0-236(#%,$ 0#-0(#'%()$ 7(#($ #(,-#/(/$ (>(#3$ NRR$ )'(0)9$ A&$ 4(&(#52=$
(##-#)$ 7(#($ -8'5%&(/$ 83$ #"&&%&4$ )%6"25'%-&)$ 5)$ 6"2'%02($ #(02%,5'()$ F)(($ :582($

!

"+$

Q95G9$ :*($ )'5&/5#/$ /(>%5'%-&)$ -1$ ,-60"'(/$ (&)(682($ 5>(#54()$ 1#-6$ (5,*$
'#5Z(,'-#3$3%(2/$)'5&/5#/$(##-#)9$:*-)($5#($'30%,5223$#(0-#'(/$%&$'*($1%4"#()$%&$'*%)$
,*50'(#9$ :*($ 5&523)%)$ %&$ a%4"#($ Q9?M$ #(+"%#(/$ #%4-#-")$ (##-#$ 0#-0545'%-&$ -1$ '*($
)'5&/5#/$(##-#)$'*#-"4*$'*($2%&(5#$#(4#())%-&$5&523)%)$7($0(#1-#6(/9#
;'"%+(%#>"+*8)!)#
L($ ,-22(,'(/$ ,-&'5,'$ 650)$ /(),#%8%&4$ '*($ 1#(+"(&,3$ -1$ -8)(#>%&4$ 5&$
%&'(#5,'%-&$8('7((&$522$#()%/"($05%#)$%&$J'?Y<D!9$P",*$/5'5$7(#($,-22(,'(/$(>(#3$
NRR$ )%6"25'%-&$ )'(0)9$ H$ ,-&'5,'$ %)$ ,-"&'(/$ 8('7((&$ '7-$ #()%/"()$ -&23$ %1$ '*-)($
#()%/"()$5#($&-'$5/Z5,(&'$%&$)(+"(&,($)05,($5&/$'*($6%&%6"6$/%)'5&,($8('7((&$
5&3$5'-6$05%#$%)$2())$'*5&$K9No9$$:*($#()%/"()$-1$J'?Y<D!$5#($,25))%1%(/$5)$8(%&4$
*3/#-0*-8%,$ FW=$ H=$ a=$ b$ !$ e*3/#-0*-8()fG=$ *3/#-0*%2%,$ Fd=$ T=$ P=$ :$ !$
e*3/#-0*%2()fG=$ -#$ 42"'56%&(9$ L%'*$ %&,#(5)%&4$ !=$ '*($ 0#-858%2%'3$ -1$ 1-#6%&4$ 6-#($
,-&'5,')$ %&>-2>%&4$ 42"'56%&($ 4#-7)$ 83$ /(15"2'9$ L($ '*(#(1-#($ /(1%&(/$ 5$
,-68%&5'-#%52$0#%-#$5))"6%&4$'*5'$'*($)(')$-1$#()%/"()$5#($522-7(/$'-$6%.$1#((239$
:*(#($ 5#($ !$ 42"'56%&($ #()%/"()=$ (%4*'$ *3/#-0*-8()=$ 5&/$ &%&($ *3/#-0*%2()$ %&$
0(0'%/()$-1$'*($'30($J'?Y<D!9$L($,-##(,'(/$'*($,-68%&5'-#%52$7(%4*')$%&$'*($0#%-#$
1-#$'*($15,'$'*5'$&(.'<&(%4*8-#$,-&'5,')$5#($(.,2"/(/$%&$'*($,-&'5,'$5&523)%)9$a-#$
(.5602(=$'*(#($ 5#($ F!h?YG,F" !h?QG]@$ <$F!h?QG$ '-'52$ &-&<&(%4*8-#=$ %&'#56-2(,"25#$
,-&'5,')9$!1$'*-)(=$!,F"!<?G]@$U$F!<?G$5#($42"'56%&(<42"'56%&($,-&'5,')9$:*($#5'%-$
-1$ '*($ 25''(#$ 5&/$ 1-#6(#$ &"68(#)$ /(1%&()$ '*($ ,-68%&5'-#%52$ 0#%-#$ '*5'$ 5$ 4%>(&$
%&'#56-2(,"25#$,-&'5,'$%)$5$42"'56%&(<42"'56%&($,-&'5,'9$P%6%25#23=$'*($#(65%&%&4$
,-68%&5'-#%52$7(%4*')$,5&$8($-8'5%&(/$1-#$522$-'*(#$0-))%82($,-&'5,')=$8-'*$%&'#5<$
5&/$%&'(#6-2(,"25#239$

!

"+%

;*:)%0&!"<#+"+*8)!)#
:-$%/(&'%13$,2")'(#)$-1$)'#",'"#()$7%'*%&$'*($'#5Z(,'-#%()$-1$(%'*(#$-&($-#$'7-$
0(0'%/()$ -1$ '*($ '30($ J'?Y<D!=$ 7($ "'%2%^(/$ 5$ >5#%5'%-&$ -1$ 5$ 8-''-6<"0$ ,2")'(#%&4$
524-#%'*6KK$ %602(6(&'(/$ %&$ '*($ _X!WH;P$ M9R$ "'%2%'3$ <@(*:)%0&9KM$ P'#",'"#52$
,2")'(#%&4$522-7)$")$'-$%/(&'%13$'*($6-)'$,-66-&$,-&1-#65'%-&)$%&$'*($(&)(682(9$
H$65'#%.$-1$05%#7%)($522<5'-6$XWPC$>52"()$75)$,-60"'(/$1-#$522$)'#",'"#()$7%'*%&$
5$'#5Z(,'-#3$5'$KRNd$F5$6%&%6"6$-1$?R=KRR$)'#",'"#()G9$$:*($&"68(#$-1$&(%4*8-#)$
-1$ (5,*$ )'#",'"#(=$ 7%'*%&$ 5$ ,"'-11$ >52"($ -1$ K9Ro=$ 75)$ ,-"&'(/$ 5&/$ '*($ )'#",'"#($
7%'*$ '*($ 25#4()'$ &"68(#$ -1$ &(%4*8-#)$ 75)$ #(6->(/$ 1#-6$ '*($ 0--2$ 52-&4$ 7%'*$ 522$
&(%4*8-#)9$$:*%)$75)$#(0(5'(/$-&$'*($#(65%&%&4$6(68(#)$-1$'*($0--2$"&'%2$(>(#3$
)'#",'"#($ 75)$ 5))%4&(/$ '-$ 5$ ,2")'(#9$ C"($ '-$ 6(6-#3$ ,-&)'#5%&')=$ (5,*$
%&/(0(&/(&'$ #(02%,5'($ 75)$ ,2")'(#(/$ %&/(0(&/(&'23$ 5&/$ '*($ #()"2')$ 7(#($
)"8)(+"(&'23$ ,-68%&(/9$ H&$ (.56%&5'%-&$ -1$ 05%#7%)($ XWPC$ >52"()$ 8('7((&$
,(&'#52$ )'#",'"#()$ -1$ ,2")'(#)$ -8'5%&(/$ 1#-6$ /%11(#(&'$ '#5Z(,'-#%()$ 1-#$ '*($ )56($
0(0'%/($)"44()'(/$'*5'$5$6-/()'$#(/",'%-&$%&$'*($&"68(#$-1$,2")'(#)$7-"2/$-,,"#$
7(#($ '*($ /5'5$ 1-#$ 5$ 4%>(&$ 0(0'%/($ ,-68%&(/$ 8(1-#($ '*($ 5&523)%)9$ :*($ 25#4()'$
(11(,'$75)$)((&$1-#$,(&'#52$)'#",'"#()$-8'5%&(/$1#-6$J'?Y<DN$6-&-6(#$/5'5$7%'*$
5$p@Yj$#(/",'%-&9$
A&$ '*($ 524-#%'*6$ /(),#%8(/$ 58->(=$ '*($ &"68(#$ -1$ ,2")'(#)$ %)$ &-'$ (.02%,%'23$
/(1%&(/$0#%-#$'-$'*($5&523)%)9$:*($1#5,'%-&$-1$'*($(&)(682($FA0")09B*0G$#(0#()(&'(/$
83$'*($6-)'$0-0"25'(/$,2")'(#$#5&4(/$1#-6$R9@?NUR9KQR$1-#$J'?Y<D!$/%6(#)$5&/$
R9?QRUR9K?@$ 1-#$ 6-&-6(#)$ 5&/$ '*($ &"68(#$ -1$ ,2")'(#)$ #(+"%#(/$ '-$ #(0#()(&'$
[Nj$ -1$ '*($ (&)(682($ 75)$ (+"52$ '-$ R9YS$ '-$ M9K@j$ -1$ '*($ %/(&'%1%(/$ ,2")'(#)$ 1-#$

!

"+"

J'?Y<D!$ /%6(#)$ 5&/$ ?M9S$ '-$ M@9@j$ 1-#$ 6-&-6(#)9$ :*()($ )'5'%)'%,)$ F)(($ :582($
Q9,G$%&/%,5'($'*5'$'*($)(''%&4)$,*-)(&$1-#$'*($524-#%'*6$5#($#(5)-&582(9$
7'*$0"%#>((0))!B*0#3'*:90#>"+*8)!)#
:*($ )-2>(&'<5,,())%82($ >-2"6($ -1$ (5,*$ 5'-6$ %&$ (5,*$ 42"'56%&($ #()%/"($
75)$ ,-60"'(/$ 5,,-#/%&4$ '-$ T+"5'%-&$ K<K9$ C5'5$ 7(#($ -8'5%&(/$ (%'*(#$ 1-#$
)%6"25'%-&)$")%&4$'*($HOPAJ:B$6-/(2$5'$KRNd$-#$1-#$)%6"25'%-&)$%&$5&$(.,2"/(/$
>-2"6($ FTIG$ #(1(#(&,($ )'5'($ %&$ 7*%,*$ -&23$ )'(#%,$ #(0"2)%-&)$ 5#($ 0#()(&'9$ :*($
25''(#$ %)$ 5$ #(1(#(&,($ 6-/(2$ ")(/$ %&$ 0#(>%-")$ 7-#E$ '-$ 6-/(2$ ,-&1-#65'%-&)$ 7%'*$
25#4($ )-2>(&'<5,,())%82($ >-2"6()9KN=KQ$ :*($ /%11(#(&,($ 8('7((&$ '*($ '7-$ >52"()$
F)PHI lPHIB@R <PHITIG$ 0#->%/()$ 5&$ ()'%65'($ -1$ '*($ )%6%25#%'3$ 8('7((&$ '*($ '7-$
(&)(682()$1#-6$'*($>%(70-%&'$-1$'*($)-2>(&'$5,,())%8%2%'3$-1$42"'56%&($#()%/"()9$
C5'5$7(#($5,,"6"25'(/$(>(#3$NRR$)%6"25'%-&$)'(0)$5&/$-8'5%&(/$1-#$'*#(($,*5%&$
2(&4'*)$1-#$,-&)'#",')$-1$'*($'30()$J'?Y<D!$5&/$D!9$
3415151#;,#7-0(%&')('-8#
;*(6%,5223$ )3&'*()%^(/=$ "&,500(/$ J'?Y<0(0'%/($ %&$ 0"#%1%(/$ 1-#6$ 75)$
-8'5%&(/$ 5)$ 5$ 4%1'$ 1#-6$ :#(>-#$ V9$ ;#(56(#9$ $ L($ ,-22(,'(/$ ;C$ )0(,'#5$ ")%&4$ 5$
q5),-$ qY?N$ )0(,'#-0-25#%6('(#$ 7%'*$ 5$ ?66$ 05'*$ 2(&4'*$ +"5#'^$ ,">(''(9$ $ J'?Y$
F?64G$75)$%&%'%5223$/%))-2>(/$%&$5$6%.'"#($-1$?62$-1$'#%12"-#-5,('%,$5,%/$F:aHG$5&/$
?62$ -1$ *(.512"-#-%)-0#-05&-2$ FBaAVG9$ $ :*%)$ )-2"'%-&$ 75)$ /%>%/(/$ %&$ *521$ 5&/$
(>50-#5'(/$ "&/(#$ 5$ &%'#-4(&$ )'#(56$ 1-22-7(/$ 83$ 23-0*%2%^5'%-&$ 1-#$ -&($ *-"#$ '-$
#(6->($ 5&3$ #()%/"52$ :aH$ 5&/$ BaAV9$ :*($ 0(0'%/($ 75)$ #(<)")0(&/(/$ '-$ 5$
,-&,(&'#5'%-&$-1$?64]6b$%&$1#()*23$0#(05#(/$)-2"'%-&)$-1$(%'*(#$QW$"#(5$-#$NRj$

!

"+&

F>]>G$ '#%12"-#-('*5&-2$ F:aTG$ %&$ ?RR6W$ 0*-)0*5'($ 8"11(#$ F0B$ Y9@G9$ $ :*()($ )'-,E)$
7(#($/%2"'(/$'-$5$1%&52$7-#E%&4$,-&,(&'#5'%-&$-1$R9?64]6b$FNR%WG9$$L5>(2(&4'*$
),5&)$7(#($0(#1-#6(/$5'$5$#5'($-1$NR&6$0(#$6%&"'($%&$/%),#('($)'(0)$-1$R9?&69$
:*($ '(60(#5'"#($ 75)$ *(2/$ ,-&)'5&'$ 5'$ @Nk;9$ :*($ #(0-#'(/$ #()"2')$ #(0#()(&'$
5>(#54()$-1$'(&$),5&)9$

)*+\+('<LF@CL(
341C161# 70('"2+&8# 7%&:(%:&0# D&'-0")!%8# '/# E%6F# +)# +# A:"(%!'"# '/# D'*8GH
?I-+")!'"#J0"<%.#
a%4"#($Q9?$%22")'#5'()$'*5'$'*($J'?Y$0(0'%/($%&$%)-25'%-&$653$7(22$(.%)'$5)$5&$
560*%05'*%,$ !<*(2%.9$ A'$ %)$ )"44()'(/$ (.0(#%6(&'5223$ 5&/$ ,-60"'5'%-&5223$ '*5'$
'#5&)%(&'$ *(2%,52$ )(46(&')$ 653$ 1-#6$ 5&/$ '*5'$ '*(%#$ )'58%2%'%()$ 5#($ /(0(&/(&'$ -&$
)-2"'%-&$ ,-&/%'%-&)9@Q=@[$ B-7(>(#=$ '*($ )(,-&/5#3$ )'#",'"#($ 0#-0(&)%'3$ -1$ 0-23D<
(.05&/(/$J'?Y$%)$"&,*5#5,'(#%^(/9$L($'*(#(1-#($%&>()'%45'($'*($/(0(&/(&,($-1$
'*($ (.0(,'(/$ !<*(2%,52$ 0#-0(&)%'3$ -&$ 0-23D<(.05&)%-&$ 2(&4'*9$ V-2342"'56%&($ %&$
%')$ )-2"82($ 1-#6$ %)$ 7(22<E&-7&$ '-$ 8($ /%)-#/(#(/$ 5&/$ ,-&)(+"(&'23$ 7($ 52)-$ 5)E$
7*('*(#$'*($J'?Y<1#546(&'$%&/",()$5&3$,5&-&%,52$)(,-&/5#3$)'#",'"#($%&$0-23D<
(.05&)%-&)9$
V5&(2$H$-1$a%4"#($Q9@$)*-7)$'*5'$J'?Y<D!$6-&-6(#)$)*-7$*%4*$!<*(2%,%'3$
7%'*%&$ '*($ J'?Y<)'#(',*$ 1-#$ )*-#'$ 0-23D<(.05&)%-&)$ 5&/$ 2-7$ '(60(#5'"#()9$ a-#$
'(60(#5'"#()$ :rKQNd=$ '*%)$ 0#-0(&)%'3$ %)$ /(02('(/$ %&$ 5$ 0-2342"'56%&($ 2(&4'*<
/(0(&/(&'$65&&(#$5&/$500#-5,*()$'*($85)(2%&($/(1%&(/$83$'*($*%4*$'(60(#5'"#($
2%6%'$1-#$!s@R9$a#-6$V5&(2$H$7($52)-$)(($'*5'$'*($0-23D<(.05&)%-&$)"00#())()$

!

"+'

'*($%&*(#(&'$)(,-&/5#3$)'#",'"#($0#-0(&)%'3$-1$'*($J'?Y$)(46(&'9$V5&(2$O$65E()$
'*($0-%&'$'*5'$7($/-$%&$15,'$-8)(#>($5&$%&/",'%-&$-1$!<*(2%.$%&$'*($D!<1#546(&'$1-#$
)6522$(&-"4*$!9$P%6%25#$'-$'*($2-))$-1$)'#",'"#($%&$'*($J'?Y<1#546(&'=$'*%)$'#(&/$%)$
!</(0(&/(&'$ 5&/$ >5&%)*()$ 1-#$ !s@R9$ :*%)$ %&/%,5'()$ '*5'$ '*($ (&'%#($ 0(0'%/($
8(,-6()$ %&,#(5)%&423$ /%)-#/(#(/$ 7%'*$ %&,#(5)%&4$ !$ U$ 5$ #()"2'$ 7*%,*$ 65E()$
%&'"%'%>($ )(&)($ 4%>(&$ '*($ %&'#%&)%,$ 0#(1(#(&,($ 1-#$ /%)-#/(#$ (.*%8%'(/$ 83$
0-2342"'56%&(9$
A

0.8

B

298K
305K

0.7

0.8
0.7

315K
0.6

0.6

325K

0.5

345K

P(α-helix)

P(α-helix)

335K
355K
0.4

365K
375K

0.3

0.5
0.4
0.3

385K

0.2

0.2

0.1

0.1

0
0

10

20
30
N (glutamines)

40

50

0
0

10

20

30

N (glutamines)

40

50

$

9HNF;<(O+A7(!8"<@HJ(K;DK<BLHCH<L(PD;(GDBLC;FGCL(DP(CQ<(CYK<(/C:R8-!9$V5&(2$H$)*-7)$
'*($6(5&$0#-858%2%'3$-1$'*($#()%/"()$%&$'*($J'?Y<1#546(&'$'-$5/-0'$!<*(2%,52$,-&1-#65'%-&$
5&/$ V5&(2$ O$ )*-7)$ '*($ )56($ 1-#$ '*($ D!<1#546(&'9$ V#-858%2%'%()$ 7(#($ ,52,"25'(/$ 83$
5&523^%&4$'*($85,E8-&($"*#<5&42()$5&/$,-&)%/(#%&4$,-&)(,"'%>($#()%/"()$%&$'*($!<*(2%.$
85)%&9$!&23$)(46(&')$-1$5'$2(5)'$'*#(($#()%/"()$%&$2(&4'*$7(#($,-"&'(/9$

:*($2-))$-1$!<*(2%.$0#-0(&)%'3$%&$%')(21$%)$&-$#%4-#-")$%&/%,5'-#$-1$/%)-#/(#9$
B-7(>(#=$ a%4"#($ Q9K$ )*-7)$ '*5'$ '*($ 0#-0(&)%'3$ 1-#$ ,-&)(,"'%>($ #()%/"()$ '-$
0-0"25'($'*($+<85)%&$-1$'*($X565,*5&/#5&$650$U$5$0#(#(+"%)%'($1-#$'*($1-#65'%-&$

!

"+(

-1$ +<*5%#0%&)$ 5&/$ +<)*((')$ U$ %)$ >5&%)*%&423$ )65229$ O-'*$ 05&(2)$ )*-7$ &-$
/%),(#&%82($ /(0(&/(&,($ -1$ '*($ +<)'#5&/$ 0#-0(&)%'3$ -&$ '*($ 2(&4'*$ -1$ '*($ 0-23D<
(.05&)%-&9$:*%)$%)$,-&)%)'(&'$7%'*$'*($#()"2')$-8'5%&(/$%&$;*50'(#$I$7*%,*$)*-7$
'*5'$ 0-2342"'56%&($ %)$ (.'#(6(23$ "&2%E(23$ '-$ 1-#6$ 5$ )'#",'"#($ 7%'*$ *%4*$ +<,-&'(&'$
"&/(#$'30%,52$,-&/%'%-&)9$a%4"#($Q9K$#(Z(,')$5$)0(,"25'%>($)"44()'%-&$8#-"4*'$1-#'*$
%&$ '*($ 2%'(#5'"#(@[$ 7*%,*$ 0#-0-)(/$ 5&$ %&/",'%-&$ -1$ +<,-&'(&'$ %&$ '*($ D!<1#546(&'$
7%'*$'*($J'?Y<1#546(&'$)(#>%&4$5)$5$0"'5'%>($'(6025'(9$
A

0.8

B

0.8

298K

0.7

0.7

305K
315K

0.6

0.6

325K
335K

0.5

345K
355K

0.4

P(β-strand)

P(β-strand)

0.5

365K
375K

0.3

385K

0.4

0.3

0.2

0.2

0.1

0.1

0
0

10

20
30
N (glutamines)

40

50

0
0

10

20

30

N (glutamines)

40

50

$

9HNF;<(O+T7(+8,C;=BE(K;DK<BLHCH<L(PD;(GDBLC;FGCL(DP(CQ<(CYK<(/C:R8-!9$V5&(2$H$)*-7)$
'*($6(5&$0#-858%2%'3$-1$'*($#()%/"()$%&$'*($J'?Y<1#546(&'$'-$1-#6$5$+<)'#5&/$5&/$V5&(2$O$
)*-7)$'*($)56($1-#$'*($D!<1#546(&'9$V#-858%2%'%()$7(#($,52,"25'(/$5&52-4-")23$'-$a%4"#($
Q9@\$-&23$*(#($'*($+<85)%&$-1$'*($X565,*5&/#5&$650$%)$,-&)%/(#(/9$

O5)(/$-&$JWX$5&/$;C$/5'5=$:*5E"#$0%#+*9@Q$)"44()'$5$7(5E$0#-0(&)%'3$-1$
'*($ J'?Y<1#546(&'$ '-$ 1-#6$ !<*(2%,()9$ B-7(>(#=$ %&$ '*($ 0#()(&,($ -1$ ?Rj$ F>]>G$
:aT=KY=KS$)%4&%1%,5&'$*(2%,%'3$%)$%&/",(/$)"44()'%&4$'*5'$'*($0(0'%/($653$8($-&$'*($

!

"+)

,")0$-1$5/-0'%&4$5$)'582($1-2/$%&$)-2"'%-&9$:-$,-##-8-#5'($8-'*$'*%)$#()"2'$5&/$-"#$
-7&$ 5&523)%)=$ 7*%,*$ %&/%,5'()$ *%4*$ 8"'$ '#5&)%(&'$ *(2%.<,-&'(&'=$ 7($ ")(/$ ,%#,"25#$
/%,*#-%)6$F;CG$)0(,'#5$5)$5$1"&,'%-&$-1$:aT$5&/$"#(5$,-&,(&'#5'%-&9$L($(.0(,'$
'*5'$ 7%'*$ %&,#(5)%&4$ :aT$ ,-&,(&'#5'%-&$ '*($ 0(0'%/($ (>(&'"5223$ (.%)')$ (.,2")%>(23$
5)$ 5$ 7(22</(1%&(/$ !<*(2%.9$ ;-&>(#)(23=$ 7($ (.0(,'$ '*5'$ 7%'*$ %&,#(5)%&4$ "#(5$
,-&,(&'#5'%-&$ '*($ 0(0'%/($ (>(&'"5223$ (.%)')$ (.,2")%>(23$ 5)$ 5$ /%)-#/(#(/$ ,-%29$
:*()($'7-$2%6%')$/(1%&($'*($85)(2%&()$-1$5$'7-<)'5'($6-/(2$7*%,*$%)$5&523^(/$5)$
1-22-7)9$T>(&$'*-"4*$'*($(.5,'$-#%4%&$-1$'*($;C$)%4&52$%)$0--#23$"&/(#)'--/=$7($
5))"6($ '*5'$ '*($ '-'52$ *(2%.<,-&'(&'$ %)$ /%#(,'23$ 0#-0-#'%-&52$ '-$ '*($ (22%0'%,%'3$ 5'$
@@@&69$L($,5&$'*(&$/(1%&($'*($1#5,'%-&52$!<*(2%.$,-&'(&'$5)\$
$

,! .

# $
%&'(
, """
- , """
$
)*('+
%&'(
- , """
, """
"

FQ<?G$

%&'(
A&$T+"5'%-&$Q<?=$ , """
$%)$'*($85)(2%&($>52"($-8'5%&(/$1-#$*%4*$"#(5$,-&,(&'#5'%-&=$

)*('+
$ %)$ '*($ 85)(2%&($ >52"($ -8'5%&(/$ 5'$ *%4*$ :aT$ ,-&,(&'#5'%-&)9$ :*($
5&/$ , """

(.0(#%6(&'52$ >52"()$ 7(#($ @9R,?RK /(4,6@/6-2<?$ 5&/$ <K9K,?RM /(4,6@/6-2<?=$
# "$
9$:*($-8)(#>(/$/(0(&/(&,($
#()0(,'%>(239$$a%4"#($Q9M$)*-7)$-"#$#()"2')$1-#$ , """

-&$:aT$,-&,(&'#5'%-&$,-&1%#6)$'*($#()"2'$-1$:*5E"#$0%#+*9$,%'(/$58->(9$B-7(>(#=$
'*($ "#(5$ /5'5$ %&/%,5'($ '*5'$ '*(#($ %)$ )%4&1%,5&'$ #()%/"52$ !<*(2%.$ ,-&'(&'$ %&$ &(5'$
8"11(#$ ,-&/%'%-&)=$ 7*%,*$ 7($ ()'%65'($ '-$ 8($ 58-"'$ KMj9$ H)$ 5$ ,-605#%)-&$ 5&/$ 5$
/%#(,'$'()'$-1$'*($#-8")'&())$-1$-"#$5&523)%)$1-22-7%&4$T+"5'%-&$Q<?=$7($()'%65'(/$
,!$")%&4$5&$(60%#%,52$#(1(#(&,($)'5'($0#-0-)(/$%&$'*($2%'(#5'"#(\K[=MR$

!

"+*

*-.

,!
$

,

)*('+
"""

# $
, """
. )*('+
, """
"

/
"-( 0
. -' 3%$ 4 5 % !! 1./0!12 " .2345% 28
5 ! .*. 66 7
9
:

$

FQ<@G$

'

A&$ T+"5'%-&$ Q<@=$ !.*.$ %)$ '*($ 2(&4'*$ -1$ '*($ 0-230(0'%/($ "&/(#$ %&>()'%45'%-&9$ :*($
)*('+
#()"2'5&'$ >52"($ 1-#$ , """
$ %)$ <K9M?,?RM /(4,6@/6-2<?=$ >(#3$ ,2-)($ '*($ >52"($ 7($

-8'5%&(/$ 1#-6$ '*($ :aT$ '%'#5'%-&$ FK9Nj$ /%11(#(&,(G9$ c)%&4$ T+"5'%-&$ Q<@=$ 7($
/('(#6%&($ , !*-. $ '-$ 8($ p@[j=$ 52)-$ %&$ 4--/$ 54#((6(&'$ 7%'*$ '*($ ()'%65'($ 1#-6$
T+"5'%-&$Q<?9$$

$
9HNF;<( O+\7( !2( LK<GC;DLGDKHG( =B=@YLHL( DP( CQ<( !8Q<@HJ( K;DK<BLHCY( DP( CQ<( /C:R8
K<KCHE<9$ C5'5$ 7(#($ -8'5%&(/$ 5'$ @[S9?Nd$ 5&/$ 5)$ 5$ 1"&,'%-&$ -1$ :aT$ F1%22(/$ ,%#,2()G$ 5&/$
"#(5$F-0(&$,%#,2()G9$B(2%,%'3$%)$,52,"25'(/$1#-6$'*($/5'5$5)$/('5%2(/$%&$'*($'(.'9$

;-605#%)-&$'-$a%4"#($Q9@$#(>(52)$'*5'$'*($,-60"'5'%-&52$()'%65'()$1-#$'*($
!<*(2%.$ ,-&'(&'$ )"44()'(/$ *%4*(#$ >52"()\$ 1-#$ '*($ %)-25'(/$ J'?Y$ 0(0'%/($ 5'$ @[Sd$
7($ -8'5%&$ 5$ >52"($ -1$ Q?9Mj9$ :*(#($ 5#($ '7-$ 0-))%82($ (.025&5'%-&)\$ %G$ '*($

!

"+#

,-60"'5'%-&52$ (&)(682($ (.*%8%')$ 5#'%1%,%5223$ (&*5&,(/$ *(2%.$ ,-&'(&'=$ 5&/$ %%G$ '*($
,-60"'5'%-&52$ 5&/$ (.0(#%6(&'52$ #(5/-"')$ 5#($ %&,-&4#"(&'9$ L*%2($ 7($ ,5&&-'$
(.,2"/($%G=$#()"2')$%&$;*50'(#$AAA$)*-7$'*5'$'*($*(2%.<,-%2$'#5&)%'%-&$%)$+"5&'%'5'%>(23$
7(22</(),#%8(/$ 83$ '*($ HOPAJ:B$ 6-/(29Q$ L($ 5//#())$ %%G$ %&$ a%4"#($ Q9N9$ V5&(2$ H$
)*-7)$'*5'$'*($()'%65'($-1$*(2%,%'3$1-#$'*($%)-25'(/$J'?Y$1#546(&'$-1$KK9Nj$54#(()$
7%'*$'*($;C$()'%65'($%1$7($)'%0"25'($'*5'$5'$2(5)'$'7-$*(2%.$'"#&)$F)(>(&$#()%/"()G$
&((/$'-$8($1-#6(/$%&$-#/(#$'-$-8)(#>($*(2%,%'3$%&$;C$(.0(#%6(&')9$D"52%'5'%>(23=$
'*($'#(&/)$()'582%)*(/$%&$a%4"#($Q9@$5#($522$0#()(#>(/$7%'*$'*%)$6-/%1%(/$/(1%&%'%-&9$
A

0.8

B

0.8

298K
0.7

0.7

305K
315K

0.6

0.6

325K
335K

0.5

345K
355K

0.4

P(α-helix)

P(α-helix)

0.5

365K
375K

0.3

385K

0.4
0.3

0.2

0.2

0.1

0.1

0
0

10

20
30
N (glutamines)

40

50

0
0

10

20

30

N (glutamines)

40

50

$

9HNF;<(O+X7(#E]FLC<E(!8"<@HJ(K;DK<BLHCH<L(PD;(GDBLC;FGCL(DP(CQ<(CYK<(/C:R8-!9$:*()($
02-')$5#($%/(&'%,52$'-$'*-)($%&$a%4"#($Q9@$7%'*$'*($(.,(0'%-&$'*5'$-&23$)(46(&')$-1$5'$2(5)'$
)(>(&$,-&)(,"'%>($#()%/"()$%&$!<*(2%,52$,-&1-#65'%-&$7(#($,-&)%/(#(/9$

341C1=1#D'*890&!(#D&'-0&%!0)#'/#;.!90&!(#D0-%!20)#
A&$ 0#(>%-")$ 7-#E$ F)(($ ;*50'(#)$ $ AAKQ$ 5&/$ AIMG$ 7($ ()'582%)*(/$ '*5'$
0-2342"'56%&($ %&'#%&)%,5223$ 0#(1(#)$ '-$ ,-2250)($ '-$ /%)-#/(#(/$ 42-8"2()$ %&$ 0--#$
)-2>(&'$ ,-&/%'%-&)$ 5&/$ '*5'$ %'$ "&/(#4-()$ 5$ 7(22</(1%&(/$ 42-8"2(<'-<,-%2$ '#5&)%'%-&$

!

"++

7%'*$ %&,#(5)%&4$ )-2>(&'$ +"52%'3$ 7*%,*$ ,5&$ 8($ 6-/"25'(/$ 83$ )%6"25'%-&$
'(60(#5'"#(9$ V5&(2)$ O$ -1$ a%4"#()$ Q9@$ 5&/$ Q9K$ )"44()'$ '*5'$ '*%)$ %&'#%&)%,$
0#(1(#(&,($ 6%4*'$ 8($ 0#()(#>(/9$ a%4"#($ Q9Q$ )*-7)$ '*5'$ 5)$ 5$ 1"&,'%-&$ -1$
'(60(#5'"#($ '*($ ,*%6(#%,$ J'?Y<D!<0(0'%/()$ )7(22)$ 6",*$ 2%E($ '*($ *-6-0-236(#$
/-()\$
2.8
Q15
2.6

Q25
Q35

2.4

Nt17-Q 15
Nt17- Q 25
Nt17- Q 35

ξ

2.2

2

1.8

1.6

1.4
290

300

310

320

330
340
350
Temperature (K)

360

370

380

390

$

9HNF;<( O+O7( !DH@8CD8N@D?F@<( C;=BLHCHDB( PD;( GQH><;HG( K<KCHE<L9$ :*($ 5>(#54($ #5/%")$ -1$
43#5'%-&$ 75)$ ,52,"25'(/$ 5&/$ &-#652%^(/$ 83$ ,*5%&$ 2(&4'*9$ :*($ ,<'(60(#5'"#(=$ /,=$ 75)$
()'%65'(/$'-$8($pK[Rd$%&$0#(>%-")$7-#E9N$;-&)%)'(&'$7%'*$'*5'$()'%65'(=$7($1%&/$'*5'$/,$
653$ 8($ )('$ '-$ KSNd$ 1-#$ '*%)$ 7-#E$ 85)(/$ -&$ '*($ %&'(#)(,'%-&$ -1$ 522$ ,"#>()$ 5'$ '*5'$
'(60(#5'"#(9$;$%)$/(1%&(/$5)$ 10

2 .*. $7*(#($2.*.$%)$'*($'-'52$0(0'%/($2(&4'*9$

H$,-605#%)-&$-1$/5'5$1-#$J'?Y<D@N=$J'?Y<D?N=$5&/$D@N$%&$a%4"#($Q9Q$)*-7)$
'*5'$ 1#-6$ 5$ ,-5#)($ 0-236(#<,(&'#%,$ >%(7$ '*($ 25''(#$ '7-$ 0(0'%/()$ 8(*5>($ &(5#23$
%&/%)'%&4"%)*5823$7*%2($J'?Y<D@N$)*-7)$5$)%4&%1%,5&'23$/%11(#(&'$)7(22%&4$0#-1%2(9$A&$
)",*$5$),(&5#%-=$'*($42-852$#()0-&)($'-$,*5&4()$%&$)-2>(&'$+"52%'3$/-()$&-'$)((6$

!

&$$

'-$/(0(&/$)'#-&423$-&$'*($0#(,%)($&5'"#($-1$'*($0-230(0'%/($)(+"(&,(=$8"'$6-#($
-&$->(#522$0(0'%/($2(&4'*9$;-&>(#)(23=$/5'5$1-#$J'?Y<DKN$5&/$DKN$500(5#$0(#1(,'23$
65',*(/$%&/%,5'%&4$'*5'$'*($(11(,')$-1$->(#522$2(&4'*$5&/$0-23D<(.05&)%-&$2(&4'*$
5#($&-'$%&/(0(&/(&'$-1$-&($5&-'*(#9$:*%)$%)$5$>(#3$%60-#'5&'$,-&)%/(#5'%-&$1-#$'*($
/()%4&$-1$(.0(#%6(&'52$,-&'#-2)\$%'$+"()'%-&)$1-#$(.5602($7*('*(#$'*($6-/"25'%&4$
(11(,')$ -1$ '*($ J'?Y<1#546(&'$ -&$ '*($ 0(0'%/($ J'?Y<D?N$ ,5&$ 8($ 5/(+"5'(23$ '()'(/$
83$,-605#%&4$%')$0#-0(#'%()$'-$'*-)($-1$D?N9$
A1$ 1#-6$ 5$ 0-236(#%,$ )'5&/0-%&'$ '*($ ,*%6(#%,$ 0(0'%/()$ 8(*5>($ )%6%25#23$ '-$
'*($ *-6-0-236(#)=$ 7($ 653$ ,-&Z(,'"#($ '*5'$ '*($ J'?Y<1#546(&'$ 8(,-6()$ 6-#($
(.'(&/(/$ %&$ '*($ 0#()(&,($ -1$ 2-&4$ (&-"4*$ 0-23D<(.05&)%-&)9$ :*%)$ 7-"2/$ 8($
/#%>(&$ 83$ '*($ (&'#-0%,$ 45%&$ %&$ 1-#6%&4$ /%>(#)($ %&'(#15,()$ 7%'*$ -'*(#$ 05#')$ -1$ '*($
0-236(#$)*-7%&4$2%''2($->(#522$)0(,%1%,%'39$:*%)$%/(5$%)$)"00-#'(/$83$'*($5&523)%)$-1$
,-&'5,'$/%)'#%8"'%-&)$)*-7&$1"#'*(#$8(2-7$5&/$)"44()'(/$83$'*($2-))$-1$)(,-&/5#3$
)'#",'"#($0#-0(&)%'3$()'582%)*(/$%&$IA9M9?9$H&$!</(0(&/(&'$)7(22%&4$-1$'*($J'?Y<
1#546(&'$%&$,*%6(#%,$0(0'%/()$%)$)*-7&$83$:*5E"#$0%#+*9$>%5$'*($")($-1$5$)"%'582($
aXT:$05%#9@Q$
a%4"#($ Q9Y$ )*-7)$ '*5'$ 7($ /-$ )(($ )",*$ 5$ '#5&)%'%-&$ %&$ '*($ )%6"25'%-&)$ 5)$
7(229$:*($(&)(682(<5>(#54(/$#5/%")$-1$43#5'%-&$F10G$,-60"'(/$1-#$Z")'$'*($J'?Y<
1#546(&'$%&$J'?Y<D!$ 6-&-6(#)$)*-7)$'*($5/-0'%-&$-1$5$,-2250)(/$,-&1-#65'%-&$
1-#$ )6522$ !$ 5'$ 0*3)%-2-4%,52$ '(60(#5'"#()9$ :*%)$ %)$ ,2(5#$ 1#-6$ '*($ 15,'$ '*5'$ '*($
>52"()$ 5#($ 8(2-7$ '*-)($ -8'5%&(/$ 1-#$ 5$ )'#5%4*'$ !<*(2%.$ 7*%,*$ %&$ %')(21$ %)$ 5$ #5'*(#$
,-605,'$ ,-&1-#65'%-&$ 1-#$ 5$ 0(0'%/($ -1$ '*%)$ 2(&4'*9$ :*%)$ %&/%,5'()$ '*5'$ '*($ *%4*$
*(2%.<,-&'(&'$ -8)(#>(/$ %&$ a%4"#($ Q9@$ %)$ &-'$ '*($ #()"2'$ -1$ '*($ 0(0'%/($ 1-#6%&4$ 5$

!

&$%

)'#5%4*'$ !<*(2%.=$ 8"'$ #5'*(#$ 5$ #()"2'$ -1$ '*($ 0-0"25'%-&$ -1$ '#5&)%(&'=$ )*-#'(#$ *(2%.$
)(46(&')$,-&)%)'(&'$7%'*$'*($/5'5$)*-7&$%&$a%4"#($Q9M9$:*($%&,#(5)($%&$10$5)$5$
1"&,'%-&$-1$!$%&/%,5'()$)7(22%&4$%&/",(/$83$'*($0#()(&,($-1$'*($0-23D<(.05&)%-&9$
:*%)$)%4&52$,-##(25'()$7%'*$'*($2-))$-1$!<*(2%.$,-&'(&'$)((&$%&$a%4"#()$Q9@$5&/$Q9M9$
:*($ -8)(#>5'%-&$ -1$ '*($ )7(22%&4$ -1$ J'?Y$ 5)$ 5$ 1"&,'%-&$ -1$ !$ *5)$ %60-#'5&'$
,-&)(+"(&,()$ 1-#$ '*($ 1-#65'%-&$ -1$ 5&$ %&'(#15,($ 8('7((&$ '*($ '7-$ )(46(&')$ 5&/$
'*%)$%)$/%),"))(/$&(.'9$
11

10.5

<Rg> in Å

10

9.5

9

8.5

8
305K

7.5

7

385K

0

5

10

15

20

25

N (glutamines)

30

35

40

45

$

9HNF;<(O+R7('=EHFL(DP(NY;=CHDB(DP(CQ<(/C:R8P;=N><BCL(HB(GQH><;HG(K<KCHE<L(=C(TVX^(
=BE(T_X^9$$:*($/5)*(/$2%&($#(0#()(&')$'*($10$-1$Z")'$'*($J'?Y<1#546(&'$%&$5$)'#5%4*'$!<
*(2%,52$,-&1-#65'%-&$FS9SKo=$,-605#($a%4"#($Q9?G9$

341C151# ;.+&+(%0&!K+%!'"# '/# 4"%&+H# +"2# 4"%0&9'*0(:*+&# 4"%0&/+(0)# A'&902# B8#
;.!90&!(#D0-%!20)#
A&$IA9M9?$5&/$IA9M9@$7($/(6-&)'#5'(/$'*5'=$1-#$25#4($(&-"4*$!=$0(0'%/()$-1$
'*($ '30($ J'?Y<D!$ *5>($ &-$ /%),(#&%82($ )(,-&/5#3$ )'#",'"#($ 0#(1(#(&,()$ 5&/$ '*5'$

!

&$"

'*($ J'?Y<1#546(&'$ 8(,-6()$ 6-#($ (.'(&/(/9$ L($ )'%0"25'($ '*5'$ '*%)$ %)$ ,-&)%)'(&'$
7%'*$'*($J'?Y<)(46(&'$1-#6%&4$5&$(.'(&/(/$%&'(#15,($7%'*$'*($DE<)(46(&'=$5&/$
'()'$ '*%)$ %/(5$ 83$ +"5&'%'5'%>($ 5&523)%)$ -1$ ,-&'5,'$ 0#-858%2%'%()9$ V5&(2$ H$ -1$ a%4"#($
Q9S$ )*-7)$ %&'#56-2(,"25#$ ,-&'5,'$ 0#-858%2%'%()$ F)(($ IA9K9@G$ 1-#$ 6-&-6(#%,$
,*%6(#5)$5'$KRNd\$
B

A
1

1
Hydrophobe - Hydrophobe

P(contact type|contact)

P(contact type|contact)

Hydrophile - Hydrophile

0.8

Glutamine - G lutamine
Hydrophobe - Hydrophile

0.6

Hydrophobe - G lutamine
Hydrophile - G lutamine

0.4
0.2
0
0

10

20

30

40

0.8
0.6
0.4
0.2
0
0

50

5

10

N (glutamines)

20

25

30

35

40

30

35

40

N (glutamines)

C

D
0.3

0.5

0.2

0.4

Intermolecular contact bias

Intramolecular contact bias

15

0.1
0
-0.1

-0.2
-0.3

0

10

20

30

40

0.3
0.2
0.1
0
-0.1
-0.2

50

N (glutamines)

0

5

10

15

20

25

N (glutamines)
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